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PKEFACE  TO  THE  FIFTH  EDITION. 


The  publication  of  another  edition  of  this  Essay  was  not 
designed  to  be  made  during  the  life  of  the  author,  until  recent 
circumstances  served  to  induce  a  change  of  purpose.  When 
closing  my  publication  of  the  "  Farmers'  Register" — -to  which 
service  I  had  devoted  and  (in  reference  to  my  own  interest)  sacri- 
ficed the  ten  best,  years  of  my  life — I  had  withdrawn  from  all 
connexion  with  the  public,  and  had  no  thought  of  again  leaving 
the  quiet  seclusion  which  I  had  sought  and  found.  But  though 
not  expecting  again  to  appear  in  print  during  my  life,  it  was 
nevertheless  my  practice  to  make  corrections  of  this  Essay,  and  to 
prepare  materials  for  future  emendations  and  additions,  as  new 
lights  were  afforded  by  extended  observation  and  investigation,  or 
by  my  still  extending  practical  experience.  This  labour  was  due 
to  my  own  reputation.  Further,  IHrusted  that,  when  the  results 
should  finally  be  offered  to  my  countrymen,  this  and  also  other 
previous  services  might  be  the  more  justly  appreciated,  because 
the  author  would  then  be  beyond  the  reach  of  applause  or  recom- 
pense. Thus,  at  different  and  irregular  times,  separated  by  long 
intervals  of  cessation  of  this  particular  labour,  this  edition  was 
prepared  for  posthumous  publication.  And  though  the  publication 
is  now  advanced  in  time,  the  before-designed  form  and  manner 
are  not  cbaoged,  except  in  the  making  of  still  later  additions  and 
corrections. 

Under  all  the  existing  circumstances,  I  trust  it  will  not  be 
deemed  improper,  or  offensively  egotistical,  for  me,  at  this  time 
and  in  plain  words,  to  assert  my  just  claim  to  the  most  important 
of  the  truths  which  were  first  announced  in  the  earliest  and  also 
in  every  subsequent  edition  of  this  Essay;  and  which  truths, 
though  having  formerly  no  other  support  than  my  obscure  name, 
are  now  so  generally  accepted  and  recognised,  that  they  may  seem 
to  have  been  long  established  and  undisputed.  Amopg  these 
opinions,  or  facts,  which  I  was  the  first  to  distinctly  assert,  and  to 
maintain  at  length  by  proof  and  argument,  were  the  following  : — 

1.  The  capacity  of  impoverished  soils  for  receiving  improve- 
ment from  putrescent  manures,  being  in  proportion  to  their  origi- 
nal or  natural  measures  of  fertility  j  and  that  soils  naturally  poor 
(especially  in  this  country)  could  not  be  enriched  by  these  manures, 
durably  or  profitably,  above  their  natural  degree  of  productive- 
ness. 

2.  The  almost  universal  and  total  absence  of  carbonate  of  lime 
in  the  soils  of  the  Atlantic  slope  of  Virginia,  and  (by  inference) 
of  most  others  of  the  United  States — and  even  in  most  lime-stone 
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soils — while,  from  all  existing  testimony  of  preceding  writers  on 
agriculture,  the  very  general,  if  not  universal  prevalence  of  carbo- 
nate of  lime  would  have  been  inferred  by  every  reader. 

3.  The  general  presence  of  some  vegetable  acid  in  all  our  natu- 
rally poor  soils,  and  this  acid  acting  as  a  cause  of  sterility. 

4.  The  application  of  carbonate  of  lime  to  soils  deficient  in  that 
necessary  element,  serving  to  neutralize  the  acid — and,  by  that  and 
other  stated  and  important  operations  or  effects,  serving  to  fit  the 
before  poor  and  unimprovable  soils  for  speedy  and  profitable 
improvement. 

These  positions  were  assumed  and  maintained  in  all  the  different 
editions  of  this  essay,  from  1821  to  1842.*  For  my  own  practice 
they  served,  as  soon  as  impressed  on  my  mind,  to  direct  and 
enjoin,  as  indispensable  for  any  important  and  remunerating  im- 
provement of  poor  soils,  the  application  of  calcareous  manures; 
and  especially  of  the  cheapest  and  most  abundant  resources  in  this 
region,  the  beds  of  fossil-shells  (or  marl),  then  scarcely  noticed, 
and  not  used  in  any  known  practice. 

My  just  claim  to  the  actual  introduction  in  this  country  of  this 
now  wide-spread  and  most  beneficial  means  for  fertilization,  and 
my  making  generally  known  the  value,  and  inducing  the  later 
numerous  and  extensive  applications  by  many  other  farmers,  has 
not  been  openly  disputed.  Detractors  in  wish  and  intention  have 
indeed  thought  that  they  had  plucked  from  me  some  borrowed 
plumes,  when  stating  that  numerous  older  writers  (in  Europe)  had 
recommended  marling — that  thousands  of  farmers  in  Europe  had 
thus  improved  land — and  that,  even  in  this  country,  some  few 
persons  had  tried  disintegrated  fossil  shells  as  manure,  and,  in  still 
fewer  cases,  with  success.  Such  facts,  as  to  European  opinions 
and  practice,  have  been  long  and  well  known  to  all  reading 
farmers ;  and  it  would  have  been  impossible,  if  I  had  desired  it, 
to  shut  out  this  information.  The  trials  in  America  were  so 
limited,  and  so  little  known  (and  of  which  but  one  case  had  then 
appeared  in  print,  and  that  later  than  my  earliest  practice,  in  1818), 
that  not  one  of  them  had  reached  me  until  after  my  opinions  had 
been  formed  and  uttered,  and  my  practice,  founded  thereupon,  had 
been  commenced  and  was  in  progress.  And  when  these  cases  were 
subsequently  heard  of,  I  industriously  sought  to  gather  the  facts  ^ 
and  have  published  them  all,  at  length,  in  the  four  editions  of  this 
work.     But,  in  truth,  none  of  these  prior  practices,  or  opinions 

*  The  principal  and  more  important  of  these  opinions  had  been  asserted 
as  early  as  1818,  in  a  communication  to  the  Prince  George  Agricultural 
Society.  But  as  that  communication  (which  was  the  first  concise  sketch 
since  enlarged  to  this  Essay)  was  not  then  printed,  perhaps  I  may  have  no 
right  to  cite  it  as  showing  so  early  a  date  for  my  claims  of  discovery.  An 
extract  from  that  communication  will  be  embraced  in  one  of  the  pieces  in 
the  Appendix. 
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connected  therewith,  had  any  bearing  on  my  claim — which  is  of 
showing  why,  and  under  what  circumstances,  calcareous  manures 
are  especially  and  generally  necessary  in  this  country,  and  of  in- 
ducing the  extensive  use  of  the  particular  material  above  named, 
of  which  the  existence  had  before  attracted  the  notice  of  but  few 
persons,  and  of  which  any  value  was  suspected  by  still  fewer — and 
the  few  earlier  trials  of  which  had  been  altogether  empirical,  and 
made  without  any  knowledge  of  the  mode  of  operation — ^and  which 
therefore  had  generally  ended  in  supposed  failure  and  certain  dis- 
appointment, and  speedy  abandonment  of  all  further  effort. 

As  to  the  opinions  above  enumerated,  which  served  to  direct 
my  practice  from  the  beginning  of  1818,  they  had  either  no  sup- 
port from  previous  authority,  or,  if  asserted  by  any,  had  bee^ 
denied  by  higher  authority  and  by  general  understanding.  This 
latter  case,  of  feeble  assertion  and  stronger  denial,  covers  only  the 
doctrine  of  acid  in  soils.  The  other  important  positions  had  not 
been  asserted  by  any  known  authority,  previous  to.  my  declaration. 
Yet  all  these  doctrines  are  now  received  either  generally  or  uni- 
versally, and  so  appear  in  recent  publications  on  scientific  agricul- 
ture. And  in  regard  to  the  existence  of  acid  in  soil,  the  actual 
discovery  was  truly  made  in  Europe,  later,  indeed,  than  my  first 
annunciation  of  the  doctrine,  by  men  of  high  scientific  attainments, 
who  most  probably  had  never  even  heard  of  the  opinions  of  so 
remote  and  obscure  a  writer  as  myself. 

Under  these  circumstances,  when  these  now  generally  received 
opinions  are  seen  stated  in  any  of  my  former  editions  (and  still  more 
if  in  a  subsequent  edition),  such  appearance  would  not  necessarily 
imply  the  originality  of  such  opinions.  For  it  might  well  be 
inferred  by  the  (otherwise  well-informed)  reader,  that  these  doc- 
trines had  been  introduced  in  the  later  editiops,  after  they  had 
been  discovered  and  published  by  other  authorities.  For  it  is  the 
general  and  proper  usage  of  authors  of  scientific  and  didactic 
works,  to  add  to  each  successive  edition  any  new  lights  on  the 
subject,  up  to  the  latest  time  of  publication.  Hence,  when  dates 
and  authorities  are  omitted  (in  regard  to  doctrines  long  established 
and  received),  it  is  left  doubtful  which  of  the  positions  of  an 
author's  latest  edition  had  also  been  maintained  in  his  earliest;, 
and  also,  whether  such  doctrines  were  original  with  the  author 
then  stating  them,  or  belonged  to  some  other  discoverer  not  then 
cited.  It  is  especially  designed,  in  this  last  edition,  to  avoid  every 
such  source  of  error.  For  this  purpose,  the  Chapters  (from  II.  to 
VIII.  inclusive)  which  will  set  forth  all  these  theoretical  doctrines, 
will  exhibit  an  exact  reprint  of  the  edition  of  1832.  No  altera- 
tions of  the  original  text  will  be  made,  other  than  merely  verbal 
and  immaterial  corrections.  Any  new  matter,  or  extension  of 
remark  or  illustration,  will  be  designated  in  every  case;  and, 
1* 
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however  since  amplified  in  expression  or  varied  in  form,_  these 
same  positions,  more  concisely  worded,  were  all  embraced  in  the 
earlier  edition  of  1821  (in  the  "American  Farmer"),  and,  as  was 
before  stated,  the  main  points  of  these  opinions  were  also  set  forth 
in  the  earlier  communication  of  1818.  E.  R. 

JTarlbodiine,  Hahovek,  Va.,  August,  1852. 
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The  object  of  this  Essay  is  to  investigate  the  peculiar  features  and 
qualities  of  the  soils  of  our  tide-water  district,  to  show  the  causes  of  their 
general  unproductiveness,  and  to  point  out  means,  as  yet  but  little  used, 
for  their  effectual  and  profitable  improvement,  ily  observations  are  par- 
ticularly addressed  to  the  cultivators  of  that  part  of  Virginia  which  lies 
between  the  sea  coast  and  the  falls  of  the  rivers,  and  are  generally  in- 
tended to  be  applied  only  within  those  limits.  By  thus  confining  the  appli- 
cation of  the  opinions  which  will  be  maintained,  it  is  not  intended  to  deny 
the  propriety  of  their  being  further  extended.  On  the  contrary,  I  do  not 
doubt  that  they  may  correctly  apply  to  all  similar  soils,  under  similar  cir- 
cumstances ;  for  the  operations  of  Nature  are  directed  by  uniform  laws, 
and  like  causes  must  everywhere  produce  like  effects.  But  as  I  shall  rely 
fqi:  proofs  on  such  facts  as  are  either  sufliciently  well  known  already,  or 
may  easily  be  tested  by  any  inquirer,  I  do  not  choose  to  extend  my  ground 
BO  far  as  to  be  opposed  by  the  assertion  of  other  facts,  the  truth  of  which 
can  neither  be  established  nor  overthrown  by  any  available  or  sufficient 
testimony. 

The  peculiar  qualities  of  our  soils  have  been  little  noticed,  and  the  causes 
of  those  peculiarities  have  never  been  sought ;  and  though  new  and  valua- 
ble truths  may  await  the  first  explorers  of  this  opening  for  agricultural 
research,  yet  they  can  scarcely  avoid  mistakes  sufliciently  numerous  to 
moderate  the  triumph  of  success.  I  am  not  blind  to  the  difficulties  of  the 
investigation,  nor  to  my  own  unfitness  to  overcome  them ;  nor  should  I 
have  hazarded  the  attempt,  but  for  the  Ijelief  that  such  an  investigation  is 
all-important  for  the  improvement  of  our  soil  and  agriculture,  and  that  it 
was  in  vain  to  hope  that  it  would  be  undertaken  by  those  who  were  better 
qualified  to  do  justice  to  the  subject.  I  ask  a  deliberate  hearing,  and  a 
strict  scrutiny  of  my  opinions,  from  those  most  interested  in  their  truth. 
If  a  change,  in  most  of  our  lands,  from  hopeless  sterility  to  a  high  state  ' 
of  productiveness,  is  a  vain  fancy,  it  will  be  easy  to  discover  and  expose 
the  fallacy  of  my  views ;  but  if  these  views  are  well  founded,  none  deserve 
better  the  attention  of  farmers,  and  nothing  can  more  seriously  affect  the 
future  agricultural  prosperity  of  our  country.  No  where  ought  such  im- 
provements to  be  more  highly  valued,  or  more  eagerly  sought,  than  among 
us,  where  so  many  causes  have  concurred  to  reduce  our  products,  and  the 
prices  of  our  lands,  to  the  lowest  state,  and  are  yearly  extending  want,  and 
its  consequence,  ignorance,  among  the  cultivators  and  proprietors. 

In  pursuing  this  inquiry,  it  will  be  necessary  to  show  the  truth  of  vari- 
ous facts  and  opinions  which  as  yet  are  unsupported  by  authority,  and 
most  of  which  have  scarcely  been  noticed  by  agricultural  writers,  unless  to 
be  denied.  The  number  of  proofs  that  will  be  required,  and  the  disoui-sive 
course  through  which  they  must  be  reached,  may  probably  render  more 
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obscure  the  reasoning  of  an  unpractised  writer.  Treatises  on  agriculture 
ought  to  be  so  written  as  to  be  clearly  understood,  though  it  should  be  at 
the  expense  of  some  other  requisites  of  good  writing ;  and,  in  this  respect, 
I  shall  be  satisfied  if  I  succeed  in  making  my  opinions  intelligible  to  every 
reader,  though  many  might  well  dispense  with  such  particular  explanations. 
Agricultural  works  are  seldom  considered  as  requiring  very  close  attention ; 
and  therefore,  to  be  made  useful,  they  should  be  put  in  a  shape  suited  to 
cursory  and  irregular  reading.  A  truth  may  be  clearly  established — but 
if  its  important  consequences  cannot  be  regularly  deduced  for  many  pages 
afterwards,  the  premises  will  then  probably  have  been  forgotten,  so  that  a 
very  particular  reference  to  them  may  be  required.  These  considerations 
must  serve  as  my  apology  for  some  repetitions — and  for  minute  explana- 
tions and  details,  which  some  readers  may  deem  unnecessary. 

The  theoretical  opinions  supported  in  this  Essay,  together  with  my  earliest 
experiments  with  calcareous  manures,  were  published  in  the  "American  Far- 
mer" (vol.  iii.  page  313),  in  1821.  No  reason  has  since  inducedme  to  retract 
any  of  the  important  positions  then  assumed.  But  the  many  imperfections 
in  that  publication,  which  grew  out  of  my  want  of  experience,  made  it  my 
duty,  at  some  future  time,  to  correct  its  errors,  and  supply  the  deficiencies 
of  proof,  from  the  fruits  of  subsequent  practice  and  observation.  With 
these  views,  this  Essay  was  commenced  and  finished  in  1826.  But  the 
work  had  so  grown  on  my  hands,  that  instead  of  being  of  a  size  suitable 
for  insertion  in  an  agricultural  journal,  it  would  have  filled  a  volilme.  The 
unwillingness  to  assume  so  conspicuous  a  position  as  the  publication  in 
that  form  would  have  required,  and  the  fear  that  my  work  would  be  more  , 
likely  to  meet  with  neglect  or  censure  than  applause,  induced  me  to  lay  it 
aside,  and  to  give  up  all  intention  of  publication.  Since  that  time,  the  use 
of  fossil  shells  as  manure  has  greatly  increased,  in  my  own  neighbourhood 
and  elsewhere,  and  has  been  attended  generally  with  all  the  improvement 
and  profit  that  was  expected.  But  from  paying  no  regard  to  the  theory  of 
the  operation  of  this  manure,  and  from  not  taking  warning  from  the 
errors  and  losses  of  myself  as  well  as  others,  most  persons  have  operated  in- 
judiciously, and  have  damaged  more  or  less  of  their  lands.  So  many  dis- 
asters of  this  kind  seemed  likely  to  restrain  the  use  of  this  valuable  ma- 
nure, and  even  to  destroy  its  reputation,  just  as  it  was  beginning  rapidly 
to  be  extended.  This  additional  consideration  has  at  last  induced  me  to 
risk  the  publication  of  this  Essay.  The  experience  of  five  more  years, 
since  it  was  written,  has  not  contradicted  any  of  the  opinions  then  ad- 
vanced— and  no  change  has  been  made  in  the  work,  except  in  form,  and  by 
continuing  the  reports  of  experiments  to  the  present  time. 

It  should  be  remembered  that  my  attempt  to  convey  instruction  is  con- 
fined to  a  single  means  of  improving  our  lands,  and  increasing  our  profits ; 
and  though  many  other  operations  are,  from  necessity,  incidentally  noticed, 
my  opinions  or  practices  on  such  subjects  are  not  referred  to  as  furnishing 
rules  for  good  husbandry.  In  using  calcareous  manure  for  the  improve- 
ment of  poor  soils,  my  labours  have  been  highly  successful ;  but  that  suc- 
cess is  not  necessarily  accompanied  by  general  good  management  and 
economy.  To  those  who  know  me  intimately,  it  would  be  unnecessary  to 
confess  the  small  pretensions  that  I  have  to  the  character  of  a  good  farmer ; 
but  to  others  it  may  be  required,  for  the  purpose  of  explaining  why  other 
improvements  and  practices  of  good  husbandry  have  not  more  aided,  and 
kept  pace  with,  the  effects  of  my  use  of  calcareous  manures.  E.  R 

Prince  George  county,  Virginia,  January  20M,  1832. 
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EXTRACTS  FROM  THE 
PEEFACE  TO  THE  EDITION  OP  1835. 

When  the  preceding  edition  of  this  Essay  was  published,  it  met  with  a  re- 
ception far  more  favourable,  and  a  demand  from  purchasers  much  greater, 
than  the  a.uthor's  anticipations  had  reached ;  and  it  is  merely  in  accordance 
with  the  concurrent  testimony  of  the  many  agriculturists  who  have  since 
expressed  and  published  opinions  on  the  subject,  to  say  that  the  publication 
has  already  had  great  and  valuable  effects  in  directing  attention,  and  in- 
ducing successful  efforts,  to  the  improvement  of  land  by  calcareous  ma- 
nures. Experimental  knowledge  on  this  head  has  probably  been  more  than 
doubled  within  the  last  two  years;  and  the  narrow  limits  of  the  region 
within  which  marling  had  previously  been  confined,  have  been  enlarged  to 
perhaps  ten-fold  their  former  extent.  StUl,  the  circumstances  now  existing, 
however  changed  for  the  better,  present  a  mere  beginning  of  the  immense 
and  valuable  improvements  of  soil,  and  increase  of  profits,  that  must  here- 
after grow  out  of  the  use  of  calcareous  manures,  if  their  operation  is  pro- 
perly understood  by  those  who  apply  them.  But  if  used  without  that  know- 
ledge, their  great  value  will  certainly  not  be  found ;  and  indeed,  they  will 
often  cause  more  loss  than  profit.  It  is  therefore  not  so  important  to  the 
farmers  of  our  country  at  large  to  be  convinced  of  the  general  and  great 
value  of  calcareous  manures — and  to  those  in  the  great  Atlantic  tide-water 
region  to  know  the  newly  established  truth,  that  their  beds  of  fossil  shells 
furnish  the  best  and  cheapest  of  manures — as  it  is,  that  all  should  know 
in  what  manner,  and  by  what  general  laws,  these  manures  operate — how 
they  produce  benefit,  and  when  they  may  be  either  worthless  or  injurious. 
And  this  more  important  end,  the  author  regrets  to  believe  has  as  yet 
scarcely  been  even  partially  attained,  by  the  dissemination  and  proper  un- 
derstanding of  correct  views  of  the  subject.  Of  course  it  is  not  to  be  sup- 
posed that  this  Essay  has  been  read  (if  even  heard  of)  by  one  in  ten  of  the 
many  who  have  been  prompted  by  verbal  information  to  attempt  the  prac- 
tice it  recommends  ;  and  of  those  who  have  read,  and  who  have  even  ex- 
pressed warm  approbation  of  the  work,  it  has  seldom  been  found  that  their 
praise  was  discriminating,  or  founded  upon  a  thorough  examination  of  its 
reasoning  and  theoretical  views,  on  which  principally  rests  whatever  value 
it  may  possess.  For  all  persons  who  are  so  easily  convinced,  it  may  truly 
be  said,  that  the  volume  embraced  nothing  more,  and  was  worth  no  more, 
than  would  be  stated  in  these  few  words — "the  application  of  calcareous 
manures  will  be  found  highly  improving  and  profitable."  It  is  not  there- 
fore at  all  strange  that  the  attentive  reading  of  a  volume,  to  obtain  this 
truth,  was  generally  deemed  unnecessary. 

Though  the  previous  edition  of  this  work  has  been  nearly  exhausted,  the 
circulation  has  as  yet  been  almost  confined  to  that  small  portion  of  the 
state  of  Virginia  alone  in  which  the  mode  of  improvement  recommended  had 
previously  been  successfully  commenced,  or  had  at  least  attracted  much  at- 
tention. But  this  district  is  not  better  fitted  to  be  thus  improved  than  the 
remainder  of  the  great  tide-water  region  stretching  from  Long  Island  to 
Mobile — and  to  a  great  part  of  which  calcareous  manures  may  be  cheaply 
applied.  It  is  only  in  parts  of  Maryland  and  Virginia  that  many  extensive 
and  highly  profitable  applications  of  fossil  shells,  or  marl,  have  been  yet 
made.  In  North  Carolina  the  value  of  the  manure  has  been  but  lately  tried  - 
in  South  Carolina  and  Georgia,  no  notice  of  it  has  yet  been  taken  or  at 
least  has  yet  been  made  known ;  and  in  Florida  and  Alabama  (parts  of 
which  are  peculiarly  suited  to  receive  these  benefits),  it  is  most  erroneously 
thought  that  such  improvements  are  only  profitable  for  long  settled  and 
impoverished  countries.  *****«. 


PEErACE  TO  THE  EDITION  OE  1842.  ix 

But  though  the  oiroulation  of  this  wori  will  be  most  useful  through, the 
great  tide-ws|,ter  region,  which  is  so  generally  supplied  with  underlying 
beds  of  fossil  shells,  and  so  much  of  tjie  soil  of  which  especially  neefS 
such  manure,  still  tjie  assertion  may  be  vejitured  th,a^,there  is  no.par,t  pf 
the  country  where  the  views  presented,  if  true,  are  not  important  to  l>e 
known ;  and,  if  known,  would  not  be  highly  useful  to  aid  the  imprpvemei^t 
of  soils.  It  is  to  the  general  -theory  of  the  constitution  of  fertile  pind 
barren  soils,  that  the, attention  and  severe  scrutiny  of  both  scientific  anft 
practical  agriculturists  are  invited ;  and  to  the  several  minor  points  there 
presented,  which  are  either  altogether  new,  or  not  established  by  autho- 
rity— such  as  the  doctrine  of  acidity  in  soils — of  the  inoap,a(fity  of  poor 
and  acid  soils  to  be  enriched — and  of  the  entire  absence  of  carbonate  of 
lime  in  most  of  the  soils  of  this  country. 

April,  1835. 
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EXTRACTS  FBOM  THE 
PREFACE  TO  THE  EDITION  OF  1842. 

In  the  few  years  which  have  passed  since  the  issue  of  the  preceding 
edition,  it  is  believed  that  the  use  of  marl  and  Ume.iji.lower  Virginia,  hs^a 
been  extended  over  thrice  as  much  land  as  had  been  previously  thus  im- 
proved ;  and  the  previous  clear  income  of  the  farmers  thus  fertilizing  their 
lands  has  probably  been  already  thereby  increased  in  amount  by  several 
hundreds  of  thousands  of  dollars,  and  the  intrinsic  value  of  the  lands 
raised  by  as  many  millions.  These  great  augmentations  of  annual  profits 
and  of  the  true  value  of  landed  capital,  from  this  single  source,  if  they 
could  be  accurately  estimated,  would  be  seen  to  have  produced  an  important 
item  of  additional  revenue  to  the  treasury  of  the  commonwealth.  And 
these  additions  of  wealth  to  individuals  and  to  the  state,  would  be  obvioija 
as  well  as  real,  but  for  the  existence  of  other  circumstances  which  have 
operated  to  counteract  or  to  disguise  the  proper  results.  The  most  im- 
portant of  such  influences  will  be  merely  referred  to  here  in  the  cursory 
manner  only  that  the  occasion  permits. 

In  the  first  place — besides  the  deservedly  very  low  appreciation  of  all 
lands  in  Virginia,  founded  on  the  smallness  of  their  products,  the  market 
prices  were  formerly  stUl  more  reduced  by  the  almost  universal  urgent  de- 
sire of  proprietors  to  sell,  that  they  might  })e  enabled  then  to  emigrate  to 
the  new  and  rich  lands  of  the  west.  The  impossibility  of  selling,  even  at 
the  lowest  valuation  price,  was  the  only  thing  which  "prevented  the  actual 
flood  of  emigration  being  so  much  more  swelled  as  to  leave  half  our  lands 
unoccupied  and  waste.  If  purchasers  had  but  presented  themselves,  fully 
half  the  farms  in  Prince  George  county  (and  it  is  presunied  of  many  ether 
counties)  might  have  been  bought  up  at  a  considerable  deduction  from  the 
lowest  estimated  value  ;  and  all  the  sellers  would  have  removed,  with  all 
their  capital,  to  the  western  wilderness.  To  the  then  actual  apd  regular 
flow  of  emigration  from  the  now  marling  district,  an  effectual  barrier  has 
been  opposed  by  the  introduction  of  that  mode  of  improvement.  All  emi- 
gration has  ceased  wherever  by  trial  of  this  means  the  cultivators  pf  the 
land  found  their  labours  to  be  richly  repaid.  Thus,  in  estimating  the  gains 
of  individuals  and  of  the  state,  on  this  score,  the  comparison  should  bs 
made,  not  with  the  value  of  property  and  population  whict  reipained 
twenty  years  ago,  but  vrith  what  would  have  remained  now,  if  the  then 
existing  inducements  to  emigration  had  continued  to  go  on  and  to  increase, 
as  they  would  have  done,  with  time. 

Next — the  actual  increase  of  intrinsic  value  of  marled  lands  is  far  from 
being  even  yet  fully  appreciated,  because  of  the  generally  prevailing  and 
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Tery  erroneous  mode  of  estimating  the  values  of  the  increase  of  permanent 
net  income  from  land,  (as  Trill  be  made  manifest  in  a  part  of  this  Essay—) 
and  but  few  even  of  those  persons  who  have  obtained  such  values  by  marl- 
ing their  lands,  would  estimate  them  at  one-fourth  of  their  true  amount. 
The  source  of  any  permanent  net  increase  of  only  $6  of  annual  income  from 
laud,  adds  $100  to  the  intrinsic  value  of  the  land.  And  this  proposition 
is  not  the  less  true,  and  to  the  full  extent  asserted,  even  though  the  esti- 
mate of  private  purchasers  and  sellers,  and  of  public  assessors  of  lands, 
may  all  count  for  the  market  price  but  a  small  proportion  of  the  increased 
real  value. 

Next — even  whatever  of  new  appreciation  the  foregoing  influences  might 
have  permitted  to  be  exhibited  in  the  increased  market  price  of  lands,  and 
still  more  their  new  real  value,  have  been  disguised,  or  altogether  concealed, 
by  the  great  and  frequent  fluctuations  of  all  market  prices  of  property, 
and  by  the  general  misdirections  of  capital  and  industry,  all  caused  by  the 
universal  individual  and  national  gambling  (whether  voluntary  or  compul- 
sory), at  the  maddening  and  ruinous  game  of  paper-money  banking — to 
which  system  of  delusion  and  fraud  this  otherwise  most  blessed  country 
and  fortunate  people  are  indebted  for  so  much  of  disaster,  loss,  and,  still 
worse,  of  wide- spread  corruption  of  habits  and  morals.  The  enormous 
apparent  and  illusory  profits  promised  by  this  system,  and  by  the  stock- 
jobbers who  alone  have  fattened  upon  the  facilities  it  off'ered  for  fraud  and 
plunder,  served  powerfully  to  depress  the  market  price  of  lands,  and  to 
discourage  agricultural  investments  and  pursuits.  For,  whatever  actual 
profits  the  improvement  and  cultivation  of  the  soil  might  ofi'er  to  reward 
the  care  and  labour  of  the  proprietor,  the  stocks  of  various  corporations, 
falsely  appreciated  by  means  of  a  bloated  paper  currency,  and  by  the  arts 
of  stockjobbers,  promised  much  higher  profits,  without  requiring  either 
care,  labour,  or  risk.  Thus,  the  higher  that  fictitious  dividends  of  profits 
or  the  false  values  of  stocks  rose,  and  the  stronger  became  the  induce- 
ments to  make  stock  investments,  the  more  the  prices  of  lands  sunk  (com- 
paratively) below  their  true  value,  because  of  the  general  disposition  to 
convert  landed  capital  to  stock  capital.  But  the  real  and  solid  increase  of 
income  and  of  wealth  to  individuals  and  to  the  commonwealth,  caused  by 
the  permanent  improvement  of  the  soil,  is  not  the  less  certain,  or  the  less 
profitable,  because  fictitious  appreciations  of  values,  caused  by  the  fraudu- 
lent banking  system,  and  the  consequent  speculations  and'madness  of  its 
votaries  and  victims,  have  been  both  so  much  higher  and  lower,  at  differ- 
ent times,  as  to  ma^e  the  amount  of  actual  improved  values  appear  small 
in  comparison,  even  if  they  were  not  thereby  entirely  concealed.  But 
these  delusive  and  ruinous  causes  of  fluctuating  prices  and  values  are  now 
fast  showing  their  emptiness,  and  vanishing  from  view ;  and  whenever  the 
fraudulent  paper  system  shall  be  completely  exposed  and  entirely  exploded, 

■  then  both  lands  and  the  paper-money  system  will  be  estimated  at  their  true 
value.     May  the  consummation  be  speedy,  complete,  and  final ! 

But  even  though,  if  properly  and  accurately  estimated,  the  true  value 
•  of  the  lands  already  marled  and  limed  in  Virginia  has  been  increased  to 
the  amount  of  miBions  of  dollars,  the  gain  is  very  small  compared  to  that 
Tfhich   yet  remains  ready  to  be  obtained.      Marling   has   not  yet  been 

■  extended  over  the  hundredth  part  of  the  surface  to  which  it  may  be  pro- 
fitably applied ;  and  liming,  not  to  the  ten-thousandth  part  of  the  lahds 

■  of  the  state  to  which  lime  may  be  brought.  And  elsewhere,  with  the 
exception  of  a  small  part  of  Maryland,  the  beginnings  of  marlin"-  only 
have  as  yet  been  made.    Nevertheless,  these  beginnings  are  the  widel-?^ 

■  scattered  seeds  which  will  spring  up  and  spread,  and  hereafter  vield 
-abundant  harvests.  ' 

Deccmher,  1842. 
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CALCAREOUS  MANURES. 


CHAPTER  I. — ^Introductort. 

GENERAl  DESCRIPTION   OF  AGRICtTLTURAL  EARTHS  AND  SOILS. — 
PHYSICAL  AND  CHEMICAL  CONSTITUENTS  OP,  SOILS. 

In  discussions  or  instructions  upon  the  fertilization  of  land,  it 
is  an  important  requisite  that  we  shoufd  correctly  distinguish  be- 
tween earths  and  soils,  and  the  many  varieties  of  the  latter  com- 
pound bodies.  Yet  the  terms  used  for  this  purpose,  are  generally 
misapplied ;  and  even  among  writers  of  high  reputation  and  autho- 
rity, no  two  agree  in  their  definitions  of  soils,  or  modes  of  classifi- 
cation. That  such  differences  of  definition,  and  contradiction  of 
terms,  should  exist,  will  appear  the  less  strange,  and  the  resulting 
errors  the  more  excusable,  to  those  readers  who  have  most  care- 
fully studied  this  branch  of  agricultural  science,  and  who,  therefore, 
can  best  appreciate  the  difficulties  of  the  required  classification. 
Bach  writer  on  soils  is  compelled  to  use  terms  in  senses  different 
from  the  greater  number  of  his  many  predecessors  j  because  but 
few  of  them  have  concurred  in  even  the  most  important  definitions. 
Where  such  great  differences  exist,  and  where  no  one  known  plan 
of  nomenclature  is  so  free  from  material  imperfections  as  to  be 
referred  to  as  a  standard  of  authority,  it  becomes  necessary  for 
every  one  who  treats  on  soils  to  define  for  himself ;  though  perhaps 
he  may  thereby  add  still  more  to  the  general  mass  of  confusion 
previously  existing.  This  necessity  must  serve  to  excuse  the  writer 
for  whatever  is  new,  unauthorized,  or  confessedly  defective  in  the 
definitions  and  terms  which  will  be  here  adopted,  and  used  as 
required  hereafter  through  this  treatise.  It  would  be  inferred  by 
most  readers,  from  the  general  heading  alone,  that  this  introductory 
chapter  must  consist  mainly  of  definitions  and  explanations  already 
established  by  scientific  authority,  and  generally  received  by  and 
J:nown  to  well-informed  agriculturists. '  This  inference  would  be 
correct  to  a  considerable  extent :  nevertheless,  there  will  be  many 
2*  (17) 
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of  the  views  which  are  either  new  and  unsupported,  or  entirely 
opposed  to  all  existing  authority ;  and  which  will  require  to  be 
understood  and  borne  in  mind  by  all  who  desire  to  study  with  pro- 
per advantage  the  theory  of  fertilization  which  will  be  presented 
and  maintained  in  this  essay. 

Previous  to  the  recent  attention  of  chemists  directed  to  agricul- 
ture, which  may  be  said  to  have  begun  with  the  publication  of 
Davy's  admirable  and  very  valuable  (though  necessarily  very  im- 
perfect) work  on  the  "Elements  of  Agricultural  Chemistry," 
agricultural  writers  had  defined  and  described  soils  by  their  quali- 
ties obvious  to  the  senses,  and  without  much,  if  any,  regard  to 
their  chemical,  or  even  their  physical  constitution.  Of  course 
they  were  often  in  error ;  as  the  sensible  qualities,  or  textures  of 
soils,  do  not  always  quadrate  with,  or  conform  to  the  proportions 
or  kinds  of  their  materials.  For  example :  an  open  and  light  soil, 
is  most  generally  made  so  by  an  excess  of  sflieious  sand  ;  but  occa- 
sionally soils  owe  their  possessing  this  texture  to  an  excess  of 
humus  or  vegetable  matter,  or  of  chalk ;  and  which  soils  may  be 
greatly  deficient  in  sand,  and  would  be  rendered  even  more  com- 
pact by  an  addition  of  this  earth.  Again  :  the  closeness  and  in- 
tractability of  a  soil  is  generally  owing  to  the  excess  of  clay ;  but 
a  soil  superabounding  in  clay,  with  large  intermixture  of  vegetable 
and  calcareous  earths,  may  be  much  more  friable  and  light  than 
another  with  much  less  clay,  and  much  more  of  silicious  sand  in  a 
very  finely  divided  state. 

More  recently,  when  many  men  of  science  took  their  present 
■ground  as  co-labourers  in  agricultural  investigation,  they  brought 
to  bear,  on  this  branch  of  the  science,  terms  and  definitions  exact 
and  precise  enough  indeed,  they  being  those  recognised  in  chemis- 
try; but  altogether  inapplicable  to  agriculture,  because  referring 
to  conditions  of  purity,  and  simplicity  of  composition,  having  no 
existence  in  nature,  nor  even  subject  to  the  observation  and  senses 
■of  the  agriculturist.  Hence,  when  chemists,  using  their  scientific 
nomenclature,  attempt  to  instruct  farmers  of  the  composition  of 
.soils,  and  refer  to  their  contents  of  the  chemical  earths  proper, 
alumina,  lime,  magnesia,  &c.,  they  are  speaking  of  things  which 
have  no  existence  in.  nature,  nor  even  in  agricultural  art ;  and  they 
might  as  well  go  farther  back  in  search  of  scientific  strictness,  and 
Ttreat  of  the  elementary  parts  of  these  several  earths — that  is,  oxy- 
:gen,  with  the  metals  aluminum,  calcium,  and  magnesium,  respect- 
ively; which  elements  are  rarely  produced  or  preserved  separate 
and  never  except  in  the  chemist's  laboratory.  The  substances 
known  in  chemistry  as  earths,  are,  indeed,  defined  with  precision 
and  their  distinguishing  properties  are  well  understood  by  those 
Tvho  are  even  slightly  acquainted  with  that  science.  But  of  the 
aiine  earths  known  to  chemists,  one  only,  silica,  exists  naturally  in 
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a  state  of  purity,  or  uncompounded ;  and  in  this  state  of  purity' (as 
rock-crystal,  or  pure  quartz-rook),  it  can  have  no  action  whatever 
as  an  agricultural  earth.  Two  other  chemical  earths,  alumina  and 
^ime,  are  only  found  combined  with  other  bodies;  and,  as  thus 
combined,  exhibiting  very  diflferent  properties  from  the  pure  earths, 
which  can  be  produced  only  by  chemical  decomposition.  A  fourth 
earth',  magnesia,  likewise  is  never  found  uncombined,  and  rarely 
in  other  than  very  minute  proportions,  and  always  intermixed 
with  other  earths,  so  as  to  be  imperceptible  by  the  senses.  The 
other  chemical  earths  (barytes,  strontian,  zircon,  &c.)  are  so  rarely 
found,  and  still  more  rarely  in  soil,  and  most  of  them  only  in  such 
minute  quantities  that,  as  to  any  influence  on  agriculture,  they  may, 
be  deemed  as  non-existent.* 

These  few  preliminary  remarks  will  serve  to  expose  something 
of  the  difficulty  of  distinguishing  and  clearly  defining  the  earths  of 
agriculture.  That  the  attempt  which  will  here  be  made  will  but 
imperfectly  reach  the  desired  object,  will  not  be  more  evident  to 
other  persons  than  to  the  writer. 

The  agricultural  earths  will  here  be  understood  as  bodies  natu- 
rally existing,  and,  when  separate,  as  pure  as  ever  presented  by 
nature ;  and  of  which,  each  one,  except  humus,  is  composed  princi- 
pally of  some  one  chemical  earth.  They  are  five  in  number — silicious, 
aluminous,  calcareous,  magnesian,  and  vegetable  or  humus.  These 
agricultural  earths,  variously  intermixed,  serve  to  compose  the 
superficial  layer  of  the  globe.  This  layer,  more  or  less  productive 
of  vegetable  growth,  is  soil;  and  however  varying  in  different 
places,  all  soils,  for  almost  their  entire  bulk,  are  composed  of  one 
or  more  of  the  three  principal  agricultural  earths— the  silicious, 
aluminous,  and  calcareous,  with  more  or  less  of  humus,  or  vegetable 
mould.  It  is  convenient,  though  still  a  farther  departure  from 
scientific  strictness  of  definition,  to  include  humus  among  the  earths 
of  agriculture. 

1.   Silicious  earth  is  presented  in  the  cleanest,  most  crystalline, 

*  The  chemical  earths  are  combinations  of  diflferent  metala  (which  are 
faiown  only  in  these  combinationB)  with  oxygen.  Before  Davy's  splendid 
discovery  of  these  metals,  and  their  combinations  with  oxygen,  the  earflis 
were  supposed  to  be  simple  bodies,  or  incapable  of  being  deeomposed.  A 
single  combination  of  one  of  these  very  rare  chemical  earths,  the  sulphate 
of  barytes,  has  been  recently  found  to  be  a  very  effective  manure,  acting 
on  clover  with  the  remarkable  power  of  sulphate  of  lime  (gypsum).  Pro- 
fessor Armstrong,  of  Washington  College,  has  fully  tested  it  by  the  practi- 
cal use  of  the  earth  as  manure.  He  also  informed  me  that  the  sulphate 
of  barytes  was  found  in  some  parts  of  that  mountatd  region  in  sufficient 
quantity  to  be  used  for  manuring,  in  the  smaU  proportions  required  for  its 
effects.  These  interesting  facts  do  not  contradict  the  remarks  in  the  text ; 
above,  which  referi-exi  to  barytes  and  the  other  scarcer  earths  only  as  con- 
stituents of  soils. 
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whitest,  and  purest  sand,  as  washed  and  deposited  by  rapid  streams, 
or  other  water  in  motion.  This,  the  very  abundant  agricultural 
or  natural  earth,  often  approaches  nearly  in  purity  to  the  chemical 
earth  silica.  Silicious  earth  generally  appears  as  sand  ;  that  is, 
in  separate  and  loose  grains  of  small  size,  which  are  rugged  and 
irregular  in  shape,  usually  with  sharp  angles,  rough  to  the  touch, 
and  hard  enough  to  scratch  glass.  This  earth  is  not  soluble  in  any 
acid  except  the  fluoric,  and  cannot  be  made  coherent  by  any  mix- 
ture with  water.  The  solidity  of  the  particles  of  sand  renders  each 
one  impenetrable  by  water ;  and  their  loose  and  open  arrangement 
permits  water  to  pass  easily  through  the  mass.  The  same  condi- 
tions of  impenetrable  grains  and  loose  and  open  texture  cause  silicious 
earth  to  be  incapable  of  absorbing  moisture  from  the  air,  or  of  re- 
taining, with  any  force,  either  moisture  or  any  aerial  or  gaseous 
fluid  with  which  it  may  have  been  in  any  manner  supplied.  Sili- 
cious earth  is  also  quickly  and  strongly  heated  by  the  sun,  which 
increases  the  rapidity  with  which  it  loses  moisture. 

2.  Aluminous  earth,  or  argil)  or  purest  clay,  as  it  may  also  be 
called  for  convenience,  is  composed,  for  a  large  part,  of  the  chemical 
earth  alumina,  from  which  this  and  all  other  less  pure  clays  derive 
their  peculiar  and  well-known  qualities.  Still,  this  purest  of  clays, 
naturally  existing  (or  "  pipe  clay,"  as  termed  by  some  agricultural 
chemists),  contains  no  more  than  36  to  40  per  cent,  of  alumina, 
chemically  combined  with  52  to  60  per  cent,  of  silica,  and  3  or  4 
per  cent,  of  oxide  of  iron.*  Thus  even  the  purest  natural  clay,  or 
aluminous  earth,  does  not  approach  the  purity  of  the  chemical  earth 
alumina  within  some  60  to  64  per  cent.  And  all  ordinary  and  less 
pure  clays,  of  course,  have  much  more  of  silicious  sand,  the  additional 
quantity  being  in  the  state  of  mechanical  mixture. '  Aluminous 
earth  and  all  clays,  in  proportion  to  their  purity,  when  dry,  absorb 
water  abundantly ;  and  when  wet,  form  tough  and  ductile  paste, 
smooth  and  soapy  to  the  touch.  By  burning,  the  mass  becomes 
brick,  hard  like  stone,  and  is  no  longer  capable  of  being  softened 
by  water.  When  drying  from  a  previous  wet  and  softened  condi- 
tion, aluminous  earth  and  all  .clays  shrink  greatly,  and,  separating 
by  numerous  cracks  and  fissures,  the  mass  is  broken  into  hard 
lumps. 

3.  Calcareous  earth,  carbonate  of  lime,^  or  calx,  is  the  next 

*  Prof.  J.  F.  W.  Johnston's  "Lectures  on  the  Applications  of  Chemistry 
and  Geology  to  Agriculture,"  p.  230,  et  aeq.  First  Am.  edition  of  Wiley 
and  Putnam,  New  Jork,  1844. 

f  Carbonate  of  lime  is  the  chemical  name  for  the  substance  formed  by 
the  combination  of  carbonic  acid  with  lime.  The  names  of  all  the  thousands 
of  different  substances  {neutral  salts)  which  are  formed  by  the  combination 
of  each  of  the  many  acids  with  each  of  the  various  earths,  alkalies,  and 
metals,  axe  formed  by  one  uniform  rule,  which  is  as  simple  and  easy  to  be 
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most  abundant  agricultural  earth.  It  is  a  combination  of  the  che- 
mical earth  lime  with  carbonic  acid,  in  the  constant  proportions 
(in  whole  numbers)  of  56  parts  lime  to  44  of  carbonic  acid.  It  is 
converted  to  pure  or  quick-lime  by  red  heat,  which  drives  off  the 
carbonic  acid;  and  quick-lime,  by  exposure,  and  attracting  carbonic 
acid  from  the  atmosphere,  soon  reverts  to  its  original  condition  of 
carbonate,  or  calcareous  earth.  It  forms  marble,  limestone,  chalk, 
and  shells,  with  very  small  admixtures  of  other  materials.  Thus 
the  term  calcareous  earth  will  not  be  used  here  to  include  either 
lime  in  its  pure  state,  or  any  of  the  numerous  combinations  which 
lime  forms  with  the  various  acids,  except  the  one  combination 
(carbonate  of  lime)  which  is  beyond  comparison  the  most  abundant 
throughout  the  world,  and  most  important  as  an  ingredient  of  soils. 
Pure  lime  attracts  aU  acids  so  powerfully,  that  it  is  never  presented 
by  nature  escept  in  combination  vrith  some  one  of  them,  and  generally 
with  the  carbonic  acid.  When  this  compound  is  thrown  into  any 
stronger  acid,  as  the  muriatic,  nitric,  or  even  common  vinegar,  the 
lime,  being  more  powerfully  attracted,  unites  with  and  is  dissolved 
by  the  stronger  acid,  and  lets  go  the  carbonic,  which  escapes  with 
effervescence  in  the  form  of  air.  In  this  manner,  the  carbonate  of 
lime,  or  calcareous  earth,  may  not  only  be  easily  distinguished 
from  silicious  and  aluminous  earth,  but  also  from  all  other  com- 
binations of  lime. 

The  foregoing  definition  of  calcareous  earth,  which  confines  that 
term  to  the  carbonate  of  lim^,  is  certainly  liable  to  objections,  but 
less  so  than  any  other  designation.  It  may  at  first  seem  improper 
and  even  absurd  to  consider  as  one  of  the  principal  earths  which 
compose  soils,  one  only  of  the  many  combina'tions  of  lime,  rather 
than  either  pure  lime  alone,  or  lime  in  all  its  combinations.  One 
or  the  other  of  these  significations  is  adopted  by  the  highest  autho- 
rities, when  the  calcareous  ingredients  of  soils  are  described ;  and 
in  either  sense,  the  use  of  this  term  is  more  conformable  with 
scientific  arrangement  than  mine.  Yet  much  inconvenience  is 
caused  by  thus  applying  the  term  calcareous  earth.     If  applied  to 

understood  and  remembered  as  it  is  useful.  To  avoid  repeated  explana- 
tions in  the  course  of  this  essay,  the  rule  will  now  be  stated  by  which  these 
compounds  are  named.  The  termination  of  the  name  of  the  acid  is  changed 
to  the  syllable  ate,  and  then  prefixed  to  the  particular  earth,  alkali,  or 
metal  with  which  the  acid  is  united.  With  this  explanation,  any  reader 
can  at  once  understand  what  is  meant  by  each  of  some  thousands  of  terms, 
none  of  which  might  have  been  heard  of  before,  and  which  (without  this 
manner  of  being  named)  woiUd  be  too  numerous  to  be  fixed  in  the  most 
retentive  memory.  Thus,  it  will  be  readily  understood  that  the  carbonate 
of  magnesia  is  a  compound  of  the  carbonic  acid  and  magnesia — the  sulphate 
cf  lime  a  compound  of  sulphuric  acid  and  lime — the  sulphate  of  iron  a  com- 
pound of  sulphuric  acid  and  iron — and  in  like  manner  for  aU  other  terms 
so  formed. 
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lime,  it  is  to  a  substance  which  is- never  found  existing  naturally, 
and  which  will  always  be  considered  by  most  personsas  the  artifi- 
cial product  of  the  process  of  calcination,  and  as  having  no  more 
part  in  the  composition  of  natural  soils  than  the  manures  obtained 
from  oil-cake  or  pounded  bones.  It  is  equally  improper  to  include 
under  the  same  general  term  all  the  combinations  of  lime  with  the 
fifty  or  sixty  various  acids.  Two  of  these  compounds,  the  sulphate 
and  the  phosphate  of  lime,  are  known  as  valuable  manures ;  but 
they  exist  naturally  in  soils  in  such  minute  quantities,  as  not  to 
deserve  to  be  considered  as  important  physical  ingredients.  Many 
other  salts  of  lime  are  known  to  chemists  j  but  their  several  quali- 
ties, as  affecting  soils,  are  entirely  unknown — and  their  quantities 
are  too  small,  and  their  presence  too  rare,  to  require  consideration. 
If  all  the  numerous  different  combinations  of  lime,  having  perhaps 
as  many  various  and  unknown  properties,  had  not  been  excluded 
by  my  definition  of  calcareous  earth,  continual  exceptions  would 
have  been  necessary  to  avoid  stating  what  was  not  meant.  The 
carbonate  of  lime,  to  which  I  have  confined  that  term,  though  only 
one  of  many  existing  combinations,  yet  in  quantity  and  in  import- 
ance, as  an  ingredient  of  soils,  as  well  as  a  part  of  the  known  por- 
tion of  the  globe,  very  far  surpasses  all  the  others. 

But  even  if  calcareous  earth,  as  thus  defined  and  limited,  is  ad- 
mitted to  be  the  substance  which  it  is  proper  to  consider  as  one  of 
the  important  earths  of  agriculture,  still  there  are  objections  to  its 
name  which  I  would  gladly  avoid.  However  strictly  defined,  many 
readers  will  attach  to  terms  such  meanings  as  they  had  previously 
understood :  and  the  word  calcareous  has  been  so  loosely  and  so 
differently  applied  in  common  language,  and  in  agriculture,  that 
much  confusion  may  attend  its  use.  Anything  "  partaking  of  the 
nature  of  lime"  is  "calcareous,"  according  to  "Walker's  Dictionary; 
Lord  Kames  limits  the  term  to  pure  lime  ;*  Davyf  and  Sinclairt 
include  under  it  pure  lime  and  all  its  combinations ;  and  Kirwan,| 
Eozier,Tf  and  Young,§  whose  example  I  have  followed,  confine  the 
name  calcareous  earth  to  the  carbonate  6f  lime.  Nor  can  any  other 
term  be  substituted  without  producing  other  difficulties.  Carbon- 
ate of  lime  would  be  precise ;  but  there  are  insuperable  objections 
to  the  frequent  use  of  chemical  names  in  a  work  addressed  to  ordi- 
nary readers,  and  this  one  would  be  especially  awkward  and  incon- 
venient for  such  use.  Chalk,  or  shells,  or  mild  lime  (or  what  had 
been  quick-lime,  but  which,  from  exposure  to  the  air,  had  again 

*  Gentleman  Farmer,  page  264  (2d  Edin.  ed  ) 

t  Agr.  Chem.,  page  223  (Phil.  ed.  of  1821.) 

X  Code  of  Agriculture,  page  134  (Hartford  ed.  1818.) 

II  Kirwan  on  Manures,  chap.  1. 

f  "  Terns" — Cours  Complet  d' Agriculture  Pratique. 

j  Young's  Essay  on  Manures,  chap.  3. 
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become  carbonated),  all  these  are  the  same  chemical  substance ;  but 
none  of  these  names  would  serve,  because  each  would  be  supposed  to 
refer  to  such  certain  form  or  appearance  of  calcareous  earth  as  they 
usually  express.  If  I  could  hope  to  revive  an  obsolete  term,  and, 
with  some  modification,  establish  its  use  for  this  purpose,  I  would 
call  this  earth  calx — ^and  from  it  derive  calsdng,  to  signify  the 
application  of  calcareous  earth,  in  any  form,  as  manure.  A  general 
and  definite  term  for  this  operation  is  much  wanting.  Liming, 
marling,  applying  drawn  ashes,  or  the  rubbish  of  old  buildings, 
ehalk,  or  limestone  gravel,  all  these  operations  are  in  part,  and 
some  of  them  entirely,  that  manuring  which  I  would  thus  call 
calxing.  But  because  their  names  are  different,  so  are  their  effects 
generally  considered — not  only  in  those  respects  where  differences 
really  exist,  but  in  those  where  they  are  precisely  alike. 

Calcareous  earth,  in  the  agricultural  sense  here  assumed  (calx, 
or  carbonate  of  lime),  has  almost  no  existence  as  an  ingredient  of 
soil  throughout  all  the  great  Atlantic  slope  of  the  United  States 
north  of  Korida.  Nor  has  it  any  existence,  separate  from  soil, 
unless  as  lime-stone  roek  and  travertine  in  the  mountain  region, 
and  subterranean  beds  of  fossil  shells  in  the  tide-water  lands.  In 
England,  France,  and  some  other  parts  of  Europe,  this  earth  occurs 
as  chalk,  in  beds  of  great  thickness  and  vast  extent  of  surface.  The 
whiteness  of  chalk  repels  the  rays  of  the  sun,  and  its  open  texture 
permits  water  to  sink  through  almost  as  easily  as  through  sand. 
Thus  calcareous  earth  alone,  or  when  constituting  the  bulk  of  a 
soil,  is  remarkable  for  possessing  some  of  the  worst  qualities  of 
both  sand  and  clay. 

But  though  the  true  chalk,  which  is  so  widely  spread  in  Europe, 
does  not  exist  in  North  America,  there  are  very  extensive  regions 
of  this  continent  of  which  the  soils  are  composed  in  part,  and  their 
subsoils  mainly,  of  calcareous  earth,  and  which  may  be  considered 
as  chalk  soils  and  subsoils  in  an  agricultural,  though  not  a  geo- 
logical sense.  Such  are  most  of  the  "  prairie"  lands  of  Alabama, 
Mississippi,  and  Arkansas ;  and  (as  I  infer  from  analogy)  of  Texas, 
and  of  the  vast  prairie  region  west  of  the  Mississippi  Kiver.  The 
"everglades"  of  Florida,  as  I  infer,  and  the  nearest  sea  islands 
also,  are  of  like  constitution.  The  subsoil  and  inferior  layers, 
known  in  many  cases  to  be  several  hundred  feet  thick,  are  like  an 
impure  chalk,  composed  principally  of  carbonate  of  lime  (of  which 
there  is  a  proportion  from  70  to  more  than  80  per  cent.),  inter- 
mixed intimately,  or  combined,  with  fine  clay,  which  constitutes  the 
small  remaining  part.  This  great  formation  of  impure  calcareous 
earth  maybe  considered  as  either  a  very  rich  marl,  or  a  poor  chalk; 
and  similar  to  true  chalk  in  every  relation  to  agriculture,  except  (in 
consequence  of  its  argillaceous  admixture)  in  being,  in  most  cases, 
as  much  impervious  to  water  as  true  chalk  is  the  reverse. 
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4.  It  seems  doubtful  whether  magnesia,  in  any  form  or  condition,, 
should  be  counted  among  the  earths  of  agriculture,  or  physical 
constituents  of  soils.  Though  very  generally  diffused  through  soils, 
it  is  usually  in  extremely  small  proportions.  In  this  country,  so 
far  as  my  personal  observation  or  other  information  has  extended, 
no  soil  is  known  to  contain  magnesia,  in  any  form,  as  a  physical 
or  considerable  constituent ;  and  even  as  a  chemical  or  manuring 
agent,  the  quantities  present  in  soil  have  been  so  small,  and,  more- 
over, so  associated  with  ■  larger  proportions  of  the  kindred  earth 
lime,  that  the  effects  of  the  magnesia  alone  could  not  be  appre- 
ciated. Nor  are  the  chemical  effects  of  magnesia  much  better 
known  in  Europe,  where  they  are  more  obvious  to  observation,  and 
have  been  more  or  less  remarked  upon  by  all  agricultural  chemists. 
They  have  been  considered  by  most  writers  as  injurious  to  the  fer- 
tility and  productiveness  of  soils.  But,  though  without  any 
evidence  of  facts,  I  would  infer  the  reverse  operation  of  magnesia 
in  small  proportions.  The  grounds  of  this  inference  are  presented 
in  the  general  similarity  of  chemical  character  of  magnesia  to  lime 
— and  also  the  very  general  diffusion  of  magnesia,  in  some  form  of 
combination  (though  not  often  as  carbonate),  in  soils,  and  espe- 
cially the  richest  soils.* 

In  other  parts  of  the  world,  however,  magnesia  is  much  more 
abundant.  It  is  present  in  large  and  (as  there  supposed)  injurious 
quantity  in  the  Gatinais  (between  the  rivers  Seine  and  Yonne),  in 
France,-)-  and  also  in  Cornwall,  in  England.^ 

Magnesia  very  much  resembles  lime  in  most  of  their  known 
qualities,  and  especially  in  their  respective  chemical  affinities  to 
other  bodies.  The  resemblance  is  perfect  in  this  important  respect, 
that  the  pure  chemical  earth  magnesia  has  no  natural  existence, 
because  of  its  strong  attraction  for  acids.  If  made  pure  by  art  it 
is  then  the  "  calcined  magnesia"  of  druggists.  In  that  artificial 
state,  and  in  which  only  the  pure  chemical  earth  ever  exists  at  all 
if  exposed  to  the  atmosphere,  it  soon  attracts  carbonic  acid,  and  so 


*  In  a  specimen  of  the  celebrated  rich  alluTial  soil  of  Bed  River, 
Louisiana,  I  found  from  1  to  2  per  cent,  of  carbonate  of  magnesia ;  and 
something  less  in  the  equally  rich  deposit  of  the  Mississippi  River,  on  the 
Arkansas  shore.  The  rich  mud  of  the  Nile  contains  4  per  cent'  of  this 
earth.  (Regnault,  quoted  by  Boussingault),  Rural  Economy,  &c.  p  338 
(1st  Am.  ed.,  1845.)  '  ' 

f  These  peculiar  soils  were  described  at  length  in  the  "Annates  d'Aari- 
culture  Frangaise,"  by  M.  Puvis,  whose  article  was  translated  for  and  pub- 
lished in  the  Farmer's  Register,  vol.  It.,  p.  212,  accompanied  by  my  reasons 
for  doubting  the  conclusions  of  the  author  as  to  the  magnesia  being  the 
cause  of  sterility. 

%  The  Lizard  Downs.   (Davy.)     This  soil  is  formed  in  part  by  the  disen- 
tegration  of  the  underlying  serpentine,   a  magnesian   rock.     (J    p    \y 
lohnston.)  •     V  •      • 
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becomes  the  carbonate  of  magnesia^  whicb  is  the  ordinary  mild 
substance  used  as  medicine.  This  is  a  combination  of  48  parts  of 
magnesia  with  52  of  carbonic  acid.  It  is  to  this  compound  only, 
the  carbonqte  of  magnesia,  I  aflSx  the  term  of  magnesian  earth, 
and  not  to  any  other  form  of  combination  with  other  earths  or  with 
acids,  nor  to  the  pure  chemical  earth  magnesia,  which  has  no  exist- 
ence in  nature,  and,  of  course,  can  have  no  natural  influence  on 
soils  or  on  agriculture. 

5.  Humus  is  the  partially  decomposed  remains  of  dead  vegetable 
growth,  reduced  by  time  to  nearly  an  earthy  texture,  pulverulent 
when  dry,  and  soft  and  slimy,  and  almost  semi-fluid  when  full  of 
water.  This  vegetable  earth,  as  peat,  and  in  its  purest  state,  is 
very  abundant  in  Great  Britain  and  other  cool  and  moist  countries. 
But  in  Eastern  Virginia,  it  has  scarcely  any  existence,  separate  or 
alone,  except  in  the  Great  Dismal  Swamp,  and  in  marshes  covered 
by  the  tides.  In  these  places,  and  also  in  the  still  larger  swamps 
of  North  Carolina,  the  continual  wetness  and  dense  shade  serve  to 
prevent  the  complete  decomposition  of  vegetable  matter,  as  is  done 
in  Europe  by  the  prevalence  of  cloudy  and  damp  air,  and  low 
average  temperature ;  and  under  such  conditions  only,  in  our  hotter 
and  dryer  climates,  does  humus  occur  alone,  or  even  as  forming 
the  principal  material  of  any  soil.  The  peat  soil  of  Europe  is  com- 
posed of  pure  vegetable  matter,  for  60  per  cent,  or  more  of  its  dry 
weight.  (Johnston.)  The  peat  used  for  fuel  is  probably  still  more 
of  vegetable  constitution.  Of  four  specimens  of  soil  of  the  Dismal 
Swamp,  selected  and  examined  by  myself,  the  vegetable  parts  were, 
respectively,  75,  90,  and,  in  the  other  two,  96  per  cent,  of  the 
bulk  of  the  soil.  Different  specimens  of  soils,  from  both  salt  and 
fresh-water  tide  marshes,  bordering  on  Powhatan  (or  James) 
Eiver,  lost  full  50  per  cent,  of  their  dry  weight  by  being  burnt 
thoroughly ;  showing  that  half  their  weight,  and  probably  five-sixths 
of  their  bulk,  is  pure  vegetable  matter.  These  soils  are,  per- 
haps, as  ilear  to  pure  humus  as  any  in  our  dlimate. 

As  a  small,  or  chemical  ingredient  of  soil,  intermixed  or  com- 
bined with  other  earths  and  far  more  abundant  materials,  humus 
is  present  universally,  serving  as  aliment  to  be  drawn  up  by  the 
roots  of  growing  plants,  and  without  which  no  healthy  or  luxuriant 
growth  co,uld  be  produced.  Humus  gives  colour  and  value  to  the 
black  rich  mould  of  old  garden  ground,  and  to  the  richest  forest  or 
alluvial  soils,  before  they  are  reduced  in  fertility  by  tillage. 

Soils  and  Sub-soils  in  General. 

All  the  agricultural  earths,  including  humus  as  one,  when  sepa- 
rated pure,  or  as  nearly  pure  as  ever  presented  by  nature,  are 
nearly  or  entirely  barren.     This  might  be  inferred  from  the  mere 
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description  of  their  respective  qualities.  Further— the  too  large 
proportion  of  any  one  earth,  in  the  mixture  of  several,  is  injurious 
to  fertility  in  proportion  to  such  excess.  But  the  quantity  which 
would  thus  be  hurtful  by  excess  would  be  very  diflFerent  m  the  dit- 
ferent  earths,  and  also  as  to  each  one,  as  modified  by  attendant 
circumstances.  Thus,  as  a  supposition,  or,  at  best,  a  mere  ap- 
proximation to  truth,  we  may  suppose  the  following  named  pro- 
portions to  be  as  large  as  can  be  present,  respectively,  in  different 
soils,  and  under  ordinary  circumstances,  without  being  injurious 
to  production : — 

Silicious  earth  (as  pure  sand),  in  a  particular  soil, 
will  be  injurious  by  its  excess,  if  more  in  propor- 
tion to  the  soil  than        -  -  -     85  per  cent. 

Or  aluminous  earth  (argil,  or  purest  clay),  in  ano- 
ther soil,  -  -  -  -  -    25       " 

Or  calcareous  earth  (carbonate  of  lime,  or  calx),  in  ■ 

another,  -  -  -  -  5  ?     " 

Or  magnesian  earth   (carbonate   of  magnesia),  in 

another,  -  -  -  -         '  -       2?     « 

Or  humus  (nearly  pure  vegetable  matter),  in  another,     12  ?     " 

In  such  large  proportion  as  indicated  by  the  above  quantities, 
the  greater  part  of  each  earth  could  act  only  physically  or  mechan- 
ically. If  considered  merely  as  chemical  or  manuring  constituents, 
and  embraced  in  one  soil,  perhaps  one  per  cent,  of  calx,  a  mere 
trace  of  magnesian  earth,  and  five  per  cent,  of  humus,  would  be 
enough ;  while  nearly  all  the  remainder  of  the  hundred  parts  would 
be  of  silicious  earth  mainly,  and  aluminous  earth,  serving  merely  as 
physical  constituents,  for  nearly  their  whole  quantities. 

But  whatever  may  be  the  most  suitable  proportions,  and  however 
much  the  action  and  power  of  each  one  may  be  in  some  cases 
modified  by  other  ingredients,  or  by  attendant  circumstances,  still 
the  admixture,  in  due  proportions,  of  the  different  earths  will  serve 
to  correct  the  defects  of  all,  and  thus  to  form  soils  of  every  charac- 
ter and  variety.  And  various  as  are  the  soils  naturally  formed  by 
mixtures  of  some  or  all  of  the  different  earths,  arid  greatly  defective 
as  most  of  them  are,  there  are  but  few  which  do  not  more  or  less 
fulfil  their  purpose  of  serving  to  sustain  the  growth  of  useful  plants  • 
in  which  they  may  extend  their  roots  freely,  yet  be  firmly  sustained 
in  their,  erect  position ;  and  obtain  the  necessary  supplies  of  air 
moisture,  warmth,  and  food,  without  being  too  much  oppressed  by 
the  excess  of  either.  Such  are  the  soils,  though  of  various  pro- 
portions and  values,  on  all  the  surface  of  the  globe  wherever  fit 
for  culture.  And  though  the  qualities  and  values  of  soils  are  as 
various  as  the  proportions  of  their  ingredients  are  innumerable 
yet  they  are  mostly  so  constituted  that  no  one  earthy  ingredient  ia 
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SO  abundant  but  that  the  texture*  of  the  soil  is  mechanically  suited 
to  some  one  valuable  crop;  as  some  plants  require  a  degree  of 
closeness,  and  others  of  openness  in  the  soil,  which  would  cause 
other  plants  to  decline  or  perish. 

The  depth  of  soil  seldom  extends  more  than  a  few  inches  below 
the  Surface,  as  on  the  surface  only  are  received  those  natural  sup- 
plies of  vegetable  and  animal  matters,  which  are  necessary  to  con- 
stitute soil.  Valleys  subject  to  inundation  have  washings  of  soils 
brought  from  higher  lands  and  deposited  by  the  water,  and  there- 
fore are  of  much  greater  depth. 

Below  the  soil  is  the  subsoil,  of  uncertain  depth,  and  which  need 
not  be  considered  as  extending  deeper  than  its  texture  or  condition 
may  affect  the  production  of  the  soil  above,  whether  beneficially  or 
injuriously.  It  is,  however,  most  common  that  the  sub-soil  is  ap- 
parently nearly  of  the  same  constitution  with  the  subjacent  mass  for 
several  or  many  feet  deeper.  The  sub-soil  is  usually  a  mixture  of 
two  or  more  earths,  and  the  same  as  may  predominate  in  the  soil 
above.  But  the  sub-soil  is  much  more  deficient  in  calcareous  earth 
(except  under  cbalky  soils),  and  lime  in  every  state,  and  also  in 
humus;  and,  indeed,  nearly  all  sub-soils  in  lower  Virginia  are 
totally  deficient  in  all  those  ingredients  essential  to  vegetable  pro- 
duction. Even  where  such  absolute  deficiency  may  not  exist,  the 
usual  great  excess  of  either  sand  or  clay  in  sub-soils  would  alone 
serve  to  render  them  nearly  barren ;  and,  consequently,  their  mix- 
ture with  the  better  soil  lying  above  would  be  injurious  rather  than 
beneficial  to  its  improvement. 

The  qualities  and  value  of  soils  depend  on  the  proportions  of 
their  ingredients.  We  can  easily  comprehend  in  what  manner 
silicious  and  aluminous  earths,  by  their  mixture,  serve  to  cure  the 
defects  of  each  other ;  the  open,  loose,  thirsty,  and  hot  nature  of 
sand  being  corrected  by,  and  correcting  in  turn,  the  close,  adhesive, 
and  water-holding  qualities  of  aluminous  earth.  This  curative 
operation  is  merely  mechanical ;  and  in  that  manner  it  seems  likely 
that  calcareous  earth,  when  in  large  proportions,  and  serving  as  a 
mechanical  constituent,  also  acts,  and  aids  the  corrective  powers  of 
both  the  other  earths.  This,  however,  is  only  supposition,  as  I 
have  met  with  scarcely  any  such  natural  soil. 

But  besides  the  mechanical  effects  of  calcareous  earth  (which 
are  weaker  than  those  of  the  other  two),  that  earth  has  chemical 
powers  far  more  effectual  in  altering  the  texture  of  soils,  and  for 
which  a  comparatively  small  quantity  is  amply  sufficient.  The 
chemical  action  of  calcareous  earth,  as  an  ingredient  of  soils,  will 
be  fully  treated  of  hereafter  ;  it  is  only  mentioned  in  this  place  to 

*  The  texture  of  a  soil  means  the  disposition  of  its  parts,  which  produces 
such  sensible  qualities  as  being  close,  adhesive,  open,  friable,  &o. 
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avoid  the  apparent  contradiction  which  might  be  inferred,  if,  in  a 
general  description  of  calcareous  earth,  I  had  omitted  all  allusion 
to  qualities  that  will  afterwards  be  brought  forward  as  all-important. 

Physical  (or  Mechanical)  and  Chemical  Constituents  of  Soils. 

In  the  discussion  of  this  general  subject,  we  should  always  bear 
in  mind  the  different  actions  of  the  earths  as  the  physical,  or  me- 
chanical, and  the  chemical  ingredients  of  soils.  These  different 
actions  have  already  been  incidentally  referred  to;  but  they  require 
more  particular  notice. 

Any  of  the  earths  which  may  serve  as  large  materials  in  the 
composition  of  a  soil,  must  act,  for  much  their  greater  proportion, 
merely  mechanically  in  the  relation  of  the  soil  to  the  growth  of 
plants.  Thus,  the  various  mixtures  of  silicious  and  aluminous 
earths  existing  in  all  ordinary  soils — and  these  more  rarely  with 
large  proportions  of  either  calcareous  or  magnesian  earth,  or  humus 
— serve,  for  much  the  larger  proportions  of  each  and  all,  to  furnish 
merely  that  mechanical  position  and  support  foV  growing  plants 
which  is  necessary  for  them  to  draw  freely  the  available  supplies 
of  water,  air,  and  food.  The  conditions  necessary  for  this  purpose 
are,  that  the  soil  shall  have  enough  sand  to  be  sufficiently  permeable 
by  moisture,  and  for  the  extension  of  the  rootlets ;  that  there  shall 
be  enough  clay  to  give  firm  support  to  the  plant  in  its  upright 
position,  and  sufficiently  to  close  the  too  great  openness  of  the  sand. 
These  necessary  physical  conditions  of  the  soil,  in  relation  to  its 
texture  and  powers  of  receiving,  retaining,  and  transmitting  moist- 
ure, are  further  improved,  and  opposite  evils  either  modified  or 
prevented,  by  additional  admixtures  of  calcareous  (and  perhaps 
magnesian)  earth,  and  humus.  But  so  far  the  action  of  each  and 
all  these  materials,  in  large  quantities,  (and  for  much  the  larger 
proportion  being  always  understood),  act  only  by  their  physical 
qualities,  and  exert  such  powers  in  proportion  to  quantities.  Any 
one  of  these  materials,  for  much  its  greater  part,  might  be  substi- 
tuted by  some  other,  if  offering  like  physical  qualities,  though 
totally  diiferent  in  chemical  character  and  constitution.  Thus, 
when  chalk  greatly  predominates  in  soil  disposed  to  dampness, 
from  position  or  climate,  its  physical  qualities  serve  to  increase  the 
evil,  as  would  clay ;  and  the  soil  is  both  colder  and  wetter  than  if 
there  were  no  physical  action  of  the  calcareous  earth.  On  the 
other  hand,  in  a  soil  disposed  to  suffer  by  dryness,  the  like  chalky 
constitution  would  increase  that  evil,  as  would  sand,  by  its  open 
texture  permitting  the  too  rapid  escape  of  moisture.  Humus  in 
large  proportion,  acting  mechanically  like  clay,  serves  to  close  the 
too  open  pores  of  sandy  soils ;  and,  by  its  remarkable  absorbent 
power,  to  make  them  "more  retentive  of  moisture  wherever  excess 
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of  moisture  exists.  Yet  in  a  soil  largely  composed  of  clay,  and  as 
much  deficient  in  sand,  a  very  large  natural  supply  of  humus  will 
prevent  the  tenacity  and  intractability  which  the  clay  otherwise 
would  have  induced  j  and  cause  the  soil,  when  dry,  to  be  friable, 
loose,  and  permeable.  In  wet  seasons,  however,  the  same  soil  will 
be  again  too  close  and  adhesive. 

Further — ^if  we  can  conceive  that  other  materials  could  be  sub- 
stituted, having  entirely  different  chemical  characters,  they  might 
serve  as  well  for  physical  constituents  of  soils,  as  the  earths  of 
which  they  took  the  place.  Thus  the  purest  clay,  or  even  pure 
alumina,  if  calcined  to  the  state  of  brick,  and  then  reduced  to  fine 
grains,  would  serve  the  same  physical  purposes  in  soil  as  silicious 
sand.  And  if  an  artificial  soil  were  thus  composed,  it  might  have 
all  the  physical  qualities  of  the  most  sandy  soil,  while  its  chemical 
composition  would  be  more  aluminous  than  ever  exists  in  nature. 

The  physical  or  mechanical  action  of  earths  has  been  kept  gene- 
rally in  view  through  the  foregoing  pages,  inasmuch  as  the  earths 
have  been  considered  as  forming  large  ingredients  of  soils.  But 
besides  this  more  obvious  action  of  the  agricultural  earths,  all  of 
them,  as  well  as  many  other  different  bodies,  act  also  by  chemical 
power.  For  the  fullest  exercise  of  this  power  by  each,  compara- 
tively very  small  proportions  of  each  ingredient  are  required.  In 
a  soil  ■composed  of  any  proportion  whatever  of  silicious,  aluminous, 
calcardpus,  magnesian,  and  vegetable  earths,  perhaps  the  quantity 
of  each  acting  chemically,  might  not  exceed  the  hundredth,  if  the 
thousandth,  part  of  the  whole  mass  of  soil — ^all  the  remainders  of 
each  earth,  whether  great  or  small,  having,  for  the  time,  no  other 
than  mechanical  action. 

But  the  magnitude  and  importance,  and  value  to  tie  farmer,  of 
the  mechanical  and  chemical  ingredients  of  soils  are  not  at  all  in 
proportion  to  the  quantities  required  to  exert  the  different  powers. 
The  chemical  action  is  much  the  more  valuable  in  effect  and  benefit 
produced;  and  also  because  the  producing  agents,  from  the  small 
quantities  required,  are  more  or  less  under  the  control  of  man ; 
while  the  great  quantity  alone  of  any  material  required  for  physical 
effect,  would  generally  place  it  entirely  beyond  control. 

AH  chemical  ingredients  of  soils,  whether  of  the  agricultural 
earths  which  also  makC'  the  universal  mechanical  materials,  or  of 
i  any  other  bodies  so  far  as  they  operate  in  soils  by  chemical  action, 
are  manures,  which  ■  serve  directly  or  indirectly,  immediately  or 
remotely,  to  give,  food  to  and  promote  the  growth  and  production 
of  plants. 

Thus,  according  to  my  views,  and  in  the  ,sense  in  which  I  use 

the  terms,  the  physical  or  mechanical  constituents  of  soils,  and  the 

agricultural  earths,  when  serving  as  earths,  are  the  same;  and 

algo,  that  so  much  of  these  earths  as  act  chemicalli/,  or  as  chemical 

3* 


30        PHYSICAL  AND   CHEMICAL  CONSTITUENTS  OP   SOILS. 

constituents  of  soils,  are  manures.  The  same  substance  (whether 
silicious  sand,  clay,  chalk,  or  humus)  which,  when  in  quantity,  and 
for  the  much  larger  proportion  of  such  quantity,  is  a  mere  earth, 
or  mere  physical  material,  also,  for  a  very  small  proportion,  m  the 
same  or  other  soil,  acts  chemically  and  as  a  manure.  And  these 
different  operations  of  the  same  substance  may  even  oppose  each 
other ;  and  then  it  will  depend  on  other  circumstances  whether  the 
manuring  action  of  a  minute  proportion  of  the  substance  will  do 
more  good  than  is  produced  of  injury  by  the  excess  of  the  same 
substance  as  an  agricultural  earth  and  physical  material  of  the 
soil. 

If  I  have  succeeded  in  clearly  showing  the  distinction  of  me- 
chanical and  chemical  action  in  soils  of  even  the  same  substances, 
it  will  serve  to  remove  much  of  the  obscurity  and  mystery  which 
have  attended  the  general  subject.  When  the  application  of  cal- 
careous matter  as  manure  is  new,  or  but  beginning  in  any  country 
(as  in  Virginia  thirty  years  ago),  it  has  been  deemed  (by  many  par- 
tially informed  persons)  a  sufficient  objection  to  the  promised 
benefit  of  a  small  application,  that  much  larger  natural  proportions 
elsewhere  did  not  always  make  rich  lands.  It  seemed  incredible 
that  a  proportion  of  calcareous  earth  less  than  1  per  cent,  of  the 
soil  could  much  promote  its  fertilization  and  productiveness,  when 
other  soils  had  5,  10,  or  50  per  cent,  of  that  material,  and  were 
not  always  rich,  and  in  some  cases  were  extremely  barren.  But, 
in  such  cases,  1  per  cent,  (or  less),  perhaps,  was  as  large  a  pro- 
portion of  carbonate  of  lime  as  could  act  chemically  and  as  a  ma- 
nure. All  beyond  that  proportion  would  be  mere  physical  material ; 
and  if  in  excess  even  for  its  mechanical  operation,  would  be  injuri- 
ous in  proportion  to  its  excess.  Thus  (as  will  be  shown  hereafter) 
a  very  small  proportion  of  this  earth  serves  to  lessen  the  evil  effects 
to  soils  of  both  too  much  wetness  and  too  much  dryness,  and  the 
opposite  evils  of  too  much  heat  and  also  of  low  temperature.  But 
in  a  chalky  soil,  where  this  ingredient  is  in  great  quantity,  the 
mechanical  action  predominates  and  overpowers  the  chemical ;  and 
such  constitution  of  soil  serves  to  aggravate  all  the  opposite  evils 
of  dryness  and  moisture,  heat  and  cold,  which  the  chemical  action, 
if  alone,  would  greatly  mitigate. 

The  perplexity  and  erroneous  deductions  which  hav^e  prevailed 
have  been  much  Increased  by  some  writers  of  scientific  celebritys 
From  analysing  specimens  of  remarkably  fertile  soils,  and  finding 
in  most  cases  very  large  proportions  of  carbonate  of  lime,  they  have 
absurdly  inferred  that  these  were  the  most  proper  proportions. 
Hence,  different  chemists  have  indicated  as  the  most  suitable  for 
the  highest  fertility  of  soil,  proportions  of  this  earth  varying  from 
2  to  30  per  cent,  of  the  whole  mass  of  soil.  They  who  advocated 
the  larger  quantities  were  ignorant  that  perhaps  nine-tenths  of  the 
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lime  was  either  inert  earth,  or  positively  hurtful  by  its  peculiar 
mechanical  action ;  and  that  such  soils,  when  highly  fertile  (as  the 
mud  of  the  Nile,  with  its  25  per  cent.),  were  so  by  aid  of  their 
other  useful  ingredients,  which  enabled  the  soil  to  withstand  the 
evil  operation  of  the  greater  portion  of  its  lime. 

It  is  scarcely  necessary  to  state  that  neither  of  the  a^cultural 
earths  applied  to  soil  can  serve  as  a  manure  (i.  e.,  have  any  chemi- 
cal action),  when  there  is  already  enough  of  the  same  earth  present 
to  have  any  mechanical  action.  And  however  useful  each  of  the 
earths  may  be  if  applied  where  its  chemical  action  is  deficient,  it 
would  be  as  absurd  in  reasoning  as  useless  in  practice,  to  apply 
sand » to  sandy,  and  clay  to  clayey  soils,  or  lime  to  the  chalky,  or 
vegetable  matters  to  peaty  soils. 

The  foregoing  definitions  and  explanations  offer  some  materials, 
or  ground-work,  for  the  classification  of  soils.  But,  greatly  as  that 
is  needed,-  it  is  not  designed  here  to  attempt  the  construction  of  a 
proper  general  classification  or  nomenclature — ^which  would  serve  to 
add  another  failure  to  those  of  all  preceding  writers  on  soils.  But 
as  it  is  impossible  to  discuss  the  subjects  to  be  presented  for  con- 
sideration in  this  essay  without  the  use  and  aid  of  some  definite 
terms,  I  wiU  adopt,  for  present  and  provisional  use,  the  following 
general  terms  for  soils,  deduced  from  their  respective  predominant 
or  most  operative  physical  ingredients,  and  which  will  have  rela- 
tion only  to  mechanical  constitution,  and  such  qualities  and  cha- 
racters of  soils  as  are  generally  indicated  by  their  texture,  and  are 
evident  to  the  senses. 

In  reference,  then,  to  physical  predominating  ingredients  only, 
each  of  the  agricultural  earths  above  described,  by  its  quantity, 
serves  to  make  a  different  general  character  of  soil- — ^which,  accord- 
ing to  the  predominant  physical  constituent  earth,  belongs  to  some 
one  of  the  following  five  classes  or  general  divisions  of  soils  : — 

1.  A  silicious  or  sandy  soil  contains  so  large  a  proportion  of 
silicious  earth,  in  the  state  of  sand,  as  by  its  excess  to  give  more 
or  less  of  the  peculiar  texture  and  mechanical  qualities  of  that  earth 
to  the  soil.  Thus,  a  silicious  or  sandy  soil  will  show  most  strongly 
such  qualities  as  openness,  looseness,  want  of  adhesiveness  when 
wet,  permeability,  rapidity  in  drying,  &c.,  such  as  are  still  more 
strongly  shown  by  pure  silicious  sand. 

2.  An  aluminous,  argillaceous,  or  clayey  soil  contains  such  ex- 
cess of  aluminous  earth,  or  purest  clay,  as  will  give  to  the  soil  the 
qualities  of  adhesiveness  and  plasticity  when  wet,  more  or  loss  of 
obstruction  to  the  passage  or  sinking  of  rain-water,  great  tendency 
to  shrink  in  drying,  and  to  hardness  when  dry,  &c. 

3.  A  chalJey,  or  svper-calcareous  soil,  whether  made  so  by  true 
chalk,  or  by  any  other  form  of  calx  or  carbonate  of  lime,  from  any 
other  source,  contains  an  excess  of  that  agricultural  earth  large 
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enough  to  be  injurious,  in  any  of  the  modes  indicated  to  the  phy- 
sical properties  above  stated  of  that  earth.  No  such  soil  exists  m 
all  Virginia,  nor  in  any  other  of  the  Atlantic  States  north  of 
Florida. 

As  these  general  divisions  of  soils  are  determined  according  to 
their  predominating  or  most  operative  physical  ingredient  only, 
the  term  calcareous  soil  (of  which  such  frequent  use  will  be  made 
in  this  essay)  has  been  designedly  omitted  above.  But  to_  prevent 
misapprehension,  it  will  be  merely  mentioned,  in  anticipation,  that 
calcareous  soil  will  be  hereafter  used  as  a  still  more  comprehensive 
term,  embracing  not  only  all  the  super-calcareous  soils,  but  all 
others  that  contain  even  the  smallest  appreciable  proportion  o£  car- 
bonate of  lime.  Generally,  however,  the  term  calcareous  will  be 
that  applied  to  soils  in  reference  to  their  contents  of  small  and 
harmless  proportions  of  carbonate  of  b'me  (acting  as  a  chemical 
constituent  only  or  mainly) ;  while  those  having  larger  and  hurtful 
proportions  will  always  be  contra-distinguished  as  the  chalky  or 
super-calcareous.* 

4.  A  magnesian  soil  would  be  one  in  which  magnesian  earth 
is  in  sufficient  excess  to  make  its  physical  qualities  predominate 
over  the  other  earths  serving  as  ingredients.  Such  soils  are  of 
doubtful  existence;  certainly  of  extremely  rare  -occurrence. 

5.  A  humic,  peaty,  or  vegetable  soil,  has  so  large  a  proportion 
of  humus  that  it  is  either  injurious  to  production,  or  otherwise 
serves  to  counteract  and  overbalance  the  opposite  injurious  qualities 
of  some  other  ingredient.  Thus,  a  soil  which  by  its  aluminous 
constitution  alone  would  have  been  very  clayey,  or  another  which 
would  otherwise  have  been  chalky,  might  have  either  of  such  de- 
fects of  texture,  &c.,  counteracted,  and  partially  remedied,  by  a 
greater  predominance  of  humus;  and  thereby  be  made  a  humic 
instead  of  either  a  clayey  or  chalky  soil. 

For  an  earth  to  be  predominant  and  excessive  in  a  soil,  as  un- 
derstood above,  and  so  to  convey  its  qualities  and  its  name,  it  is 
not  necessary  that  it  shall  be  the  ingredient  greatest  in  quantity — 

*  The  previous  difficulties  of  definition  and  of  Tinderstanding  on  this 
head,  would  be  greatly  increased  by  admitting  the  strange  nomenclature  of 
the  latest  -writer,  Professor  J.  F.  W.  Johnston,  -whose  authority  stands  so 
high,  and  is  so  generally  -worthy  of  respect.  He  confines  the  term  "  cal- 
careous soil"  (by  express  definition)  to  such  as  contain  more  than  20  per 
cent,  of  carbonate  of  lime !  Those  containing  from  5  to  10  per  cent,  he 
terms  "  marly  soils ;"  and  all  containing  less  than  5  per  cent,  are  left 
•without  any  distinguishing  term  or  character  in  regard  to  their  calcareous 
-constitution.  (Johnsfon's  Lectures,  p.  233.)  .  According  to  these  designa- 
tions, there  -would  not  be  an  acre  of  natural  "calcareous  soil  "  or  even 
of  "marly  soil,"  in  all  Virginia;  nor  -will  there  be,  after  all  tha't  shall  be 
judiciously  done  by  the  industry  of  man  in  supplying  calcareous  mau-ure 
to  the  soils  deficient  in  that  ingredient. 
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■which  only  is  always  the  case  as  to  silicious  earth.  Of  this,  in  its 
pure  and  uncombined  state,  as  sand  (capable  of  being  separated  by 
washing  in  water),  it  requires  a  very  large  proportion,  say  not  less 
than  80  per  cent,  of  the  whole  mass,  to  constitute  a  sandy  soil. 
But,  in  other  soils,  though  consisting  for  much  more  than  half  their 
mass  of  uncombined  silicious  sand,  a  much  smaller  proportion  of 
either  one  of  the' other  earths  would  serve  to  make  the  latter  the 
predominant  ingredient,  and  properly  to  give  character  and  name 
to  the  soil.  Thus,  from  35  to  40  per  cent,  of  "  purest  clajr"  (which 
itself  contains  about  60  per  cent,  of  silica),  or  80  per  cent,  of  calx, 
or  25  per  cent,  of  humus,  or  perhaps  less  of  each,  under  ordinary 
conditions,  would  serve  to  constitute,  respectively,  either  a  clayey, 
a  chalky,  or  a  humic  soil ;  though,  in  each  case,  the  other  and  . 
much  larger  ingredients  would  be  other  earthy  materials  than  the 
one  so  predominating. 

But  even  in  soils  having  some  one  physical  ingredient  sufficiently 
predominant  and  distinguished  to  indicate  their  general  character  and 
name,  there  also  are  usually  apparent  the  manifest  though  weaker 
indications  of  the  presence  of  some  other  influential  ingredient. 
For  such  compound  qualities,  terms  may  be  compounded  of  the 
foregoing,  which  will  sufficiently  express  the  characters  referred  to. 
For  this  purpose,  there  will  be  found  a  convenience  in  using  also 
the  term  loam  for  all  soils  approaching  to  a  medium  texture  and 
composition  of  the  two  usually  most  abundant  ingredients,  silicious 
sand  and  clay — or  soils  in  which  the  opposite  qualities  of  silicious- 
and  aluminous  earths  serve  in  great  measure  to  correct  each  other, 
leaving  no  great  or  injurious  excess  of  either.  Such  a  medium 
texture,  or  soil  approaching  nearly  to  such,  would  be  simply  a  ham. 
If  still  more  sandy,  it  might  be  termed  a  sandy  loam, ;  or  a  clayey  or 
chalky,  ov  peaty  loam,  under  other  conditions  of  physical  constitu- 
tion. Besides  all  these,  and  other  such  compounded  terms,  others 
may  be  used  for  other  physical  and  accidental  qualities  of  soils,  as 
stony,  gravelly,  ferruginous,  &c.,  any  of  which  may  apply  to  any 
soil  of  different  predominant  character,  and  different  general  de- 
signation.* 

*  The  convenieut  and  very  common  term  loam  is  defined  above  (it  is  pre- 
sumed) witli  enough  precision  and  correctness ;  and  also  in  accordance  -with 
common  Tinderstanding.  Yet  this  term  offers  (next,  perhaps,  to  "marl") 
one  of  the  strongest  examples  of  the  conflict  of  definitions  and  confusion 
which  prevail  among  agricultural  writers.  This  term  is  so  common  that  it 
is  used  by  every  one  who  writes  of  soils — and  which,  in  some  one  or  other 
sense,  each  writer  probably  considered  as  forming  a  very-large,  if  not  the 
greatest  proportion  of  the  cultivated  soils  of  his  country,  and  of  the  world. 
Some  of  various  and  contradictory  and  erroneous  definitions  will  be  here 
quoted : — 

Kirwan  says — "  Loam  denotes  any  soil  moderately  cohesive,  and  more  so 


CHAPTER  n* 

ON  THE   SOILS  AND   STATE   OF  AGRICULTURE  OP  THE  TIDE- 
WATER DISTRICT   OF  YIBQINIA. 

"During  several  days  of  our  journey,  no  spot  was  seen  that 

was  not  covered  with  a  luxuriant  growth  of  large  and  beautiful 
forest  trees,  except  where  they  had  been  destroyed  by  the  natives 
for  the  purpose  of  cultivation.  The  least  fertile  of  their  fields, 
when  left  untiUed  and  without  seeding,  are  soon  covered  with  grass 
several  feet  in  height ;  and  unless  prevented  by  subsequent  culti- 
vation, a  second  growth  of  trees  rapidly  springs  up,  which,  without 
care  or  attention,  attain  their  giant  size  in  half  the  time  that  would 
be  expected  on  the  best  lands  in  England." 

than  loose  chalk.  By  the  author  of  the  '  Body  of  Agricnlture,'  it  is  said 
to  be  a  ctay  mixed  with  sand."  (Essay  on  Manures,  eh.  1.) 

"  Loam,  or  that  species  of  artificial  soil  into  which  the  others  are  gene- 
.jally  brought  by  the  course  of  long  cultivation." — "  Where  a  soil  is  mode- 
rately cohesive,  less  tenacious  than  clay,  and  more  so  than  sand,  it  is  known 
by  the  name  of  loam.  From  its  frequency,  there  is  reason  to  suppose  that 
in  some  casei  it  might  be  called  an  'original  toil.'"  [^Sinclair's  Code  of 
Agriculture — eh(g>.  1.] 

"  The  word  loam  should  be  limited  to  soils  containing  at  least  one-third 
of  impalpable  earthy  matter,  copiously  effervescing  with  acids."  [Davy's 
Agricultural  Chemistry — Lecture  4.]  According  to  this  definition  by  rtie 
most  scientific  writer  and  highest  authority  in  chemical  agriculture,  if  we 
except  the  small  portion  of  shelly  land,  there  is  certainly  not  an  acre  of 
natural  loam  between  the  sea-coast  of  Virginia  and  the  Blue  Bidge  Moun- 
tains— and  very  few  even  in  the  limestone  region. 

"  By  loam  is  meant  any  of  the  earths  combined  with  decayed  animal  or 
vegetable  matter."     [Appendix  to  Agr.  Chem.  by  George  Sinclair.'] 

"Loam— /ffi«  unctuous  earth — marl."  [Johnson's  Dictionary,  8»o.  ed. 
and  also  Walker's.] 

"Loam  may  be  considered  a  clay  of  loose  or  friable  consistency,  mixed 
with  mica  or  isinglass,  and  iron  ochre."  [Editor  of  American  Farmer, 
(old  series)  vol.  Hi.,  page  320.] 

[«  In  this  and  the  next  following  seven  chapters  (II.  to  IX.  inclusive), 
in  which  are  set  forth  my  peculiar  views  of  the  qualities  of  our  soils,  their 
.general  absence  and  want  of  calcareous  earth,  the  mode  of  action  of  cal- 
careous manures,  and,  in  general,  the  theory  of  fertilization,  the  entire 
matter  of  the  edition  of  1832  has  been  scmpulonsly  retained,  without  alterai- 
tion,  otter  than  in  a  few  transpositions  of  matter  and  merely  verbal  cor- 
rections, which  have  not  at  all  altered  the  purport.  Whatever  else  haa 
been  added,  in  later  editions  and  the  present,  whether  to  the  text  or  as 
notes,  will  be  designated  by  being  enclosed  in  brackets,  "and  will  also  in 
-most  cases,  be  marked  with  the  date  of  the  edition,  or  the  writing  in  which 
-such  additional  passages  first  appeared.— 1852.] 

(34) 
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If  the  foregoing  description  was  met  with  in  a  '  Journey  through 
Cabul,'  or  some  equally  unknown  region,  no  European  reader  would 
doubt  that  such  lands  were  fertile  in  the  highest  degree — and  many 
even  of  ourselves  would  receive  the  same  impression.  Yet  it  is  no 
exaggerated  account  of  the  poorest  natural  soils  in  our  own  gene- 
rally poor  country,  which  are  as  remarkable  for  their  producing 
luxuriant  growths  of  pines,  and  broom-grass,  as  for  their  unpro- 
ductiveness in  every  cultivated  or  valuable  crop.  We  are  so  ac- 
customed to  these  facts,  that  we  scarcely  think  of  their  strangeness ; 
nor  of  the  impropriety  of  calling  any  land  barren,  which  will  pro- 
duce a  rapid  or  heavy  growth  of  any  one  plant.  Indeed,  by  the 
rapidity  of  that  growth  (or  the  fitness  of  the  soil  for  its  production), 
we  have  in  some  measure  formed  a  standard  of  the  poverty  of  the 
soil. 

"With  some  exceptions  to  every  general  character,  the  tide-water 
district  of  Virginia  may  be  described  as  generally  level,  sandy, 
poor,  and  free  from  any  fixed  rqck,  or  any  other  than  stones  rounded 
apparently  by  the  attrition  of  water.  On  much  the  greater  part 
of  the  lands,  no  stone  of  any  kind  is  to  be  found  of  larger  size  than 
gravel.  Pines  of  difiFerent  kinds  form  the  greater  part  of  a  heavy 
cover  to  the  silicious  soils  in  their  virgin  state^  and  mix  consider- 
ably with  oaks  and  other  growth  of  clay  land.  Both  these  kinds 
of  soil,  after  being  exhausted  of  their  little  fertility  by  cultivation, 
and  "  turned  out"  to  recruit,  are  soon  covered  by  young  pines  which 
grow  with  vigour  and  luxuriance.  This  general  description  applies 
more  particularly  to  the  ridges  which  separate  the  slopes  on  difier- 
ent  streams.  The  ridge  lands  are  always  level,  and  very  poor — 
sometimes  clayey,  more  generally  sandy,  but  stiffer  than  would  be 
inferred  from  the  proportion  of  silicious  earth  they  contain,  which 
is  caused  by  the  fineness  of  its  particles.  Whortleberry  bushes,  as 
well  as  pines,  are  abundant  on  ridge  lands — and  numerous  shallow 
basins  are  found,  which  are  ponds  of  rain  water  in  winter,  but  dry 
in  summer.  None  of  this  large  proportion  of  our  lands  has  paid 
the  expense  of  clearing  and  cultivation,  and  much  the  greater  part 
still  remains  under  its  native  growth.  Enough,  however,  has  been 
'  cleared  and  cultivated  in  every  neighbourhood  to  prove  its  utter 
worthlessness  under  common  management.  The  soils  of  ridge 
lands  vary  between  sandy  loam  and  clayey  loam.  It  is  difficult  to 
estimate  their  general  product  under  cultivation ;  but  judging  from 
my  own  experience  of  such  soils,  the  product  may  be  from  five 
bushels  of  com,  or  as  much  of  wheat,  to  the  acre  on  the  most  clayey 
soils,  to  twelve  bushels  of  corn,  and  less  than  three  of  wheat,  on 
the  most  sandy — if  wheat  were  there  attempted  to  be  made. 

The  slopes  extend  from  the  ridges  to  the  streams,  or  to  the  allu- 
vial bottoms,  and  include  the  whole  interval  between  neighbouring 
tranches  of  the  same  stream.     This  class  of  soils  forms  another 
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great  body  of  lands,  of  a  higher  grade  of  fertility,  though  still  far 
from  valuable.  It  is  generally  more  sandy  than  the  poorer  ridge 
land,  and  when  long  cultivated,  is  more  or  less  deprived  of  its  soil, 
by  the  washing  of  rains,  on  every  slight  declivity.  The  washing 
away  of  three  or  four  inches  in  depth  exposes  a  sterile  subsoil  (or 
forms  a  "gall"),  which  continues  thenceforth  bare  of  all  vegetation. 
A  greater  declivity  of  the  surface  serves  to  form  gullies  several  feet 
in  depth,  the  earth  carried  from  which  covers  and  injures  the  ad- 
jacent lower  land.  Most  of  this  kind  of  land  has  been  cleared 
and  greatly  exhausted.  Its  virgin  growth  is  often  more  of  oak, 
hickory,  and  dogwood,  than  pine ;  but  when  turned  out  of  cultiva- 
tion, an  unmixed  growth  of  pine  foUows.  Land  of  this  kind  in 
general  has  very  little  durability.  Its  best  usual  product  of  corn 
may  be,  for  a  few  crops,  eighteen  or  twenty  bushels — and  even  as 
much  as  twenty-five  bushels,  from  the  highest  grade.  Wheat  is 
seldom  a  productive  or  profitable  crop  on  the  slopes,  the  soil  being 
generally  too  sandy.  When  such  soils  as  these  are  called  rich  or 
valuable  (as  most  persons  would  describe  them),  those  terms  must 
be  considered  as  only  comparative  j  and  such  an  application  of  them 
proves  that  truly  fertile  and  valuable  soils  are  very  scarce  in  lower 
Virginia. 

Almost  the  only  very  rich  and  durable  soils  below  the  falls  of 
our  rivers  are  narrow  strips  of  high -land  along  their  banks,  and  the 
low-lands  formed  by  the  alluvion  of  the  numerous  smaller  streams 
which  water  our  country.  These  alluvial  bottoms,  though  highly 
productive,  are  lessened  in  value  by  being  generally  too  sandy,  and 
by  the  damage  they  sufier  from  being  often  inundated  by  floods  of 
rain.  The  best  high-land  soils  seldom  extend  more  than  half  a ' 
mile  from  the  river's  edge — sometimes  not  fifty  yards.  These  ir- 
regular margins  are  composed  of  loams  of  various  qualities,  but  all 
highly  valuable;  and  the  best  soils  are  scarcely  to  be  surpassed  in 
their  original  fertility,  and  durability  under  severe  tillage.  Their 
nature  and  peculiarities  will  be  again  adverted  to,  and  more  fully 
described  hereafter. 

The  simple  statement  of  the  general  course  of  tillage  to  which 
this  part  of  the  country  has  been  subjected,  is  sufficient  to  prove 
that  great  impoverishment  of  the  soil  has  been  the  inevitable  con- 
sequence. The  small  portion  of  rich  river  margin  was  soon  aU 
cleared,  and  was  tilled  without  cessation  for  many  years.  The 
clearing  of  the  slopes  was  next  commenced,  and  is  not  yet  entirely 
completed.  On  these  soils,  the  succession  of  crops  was  less  rapid, 
or,  from  necessity,  tillage  was  sooner  suspended.  If  not  rich 
enough  for  tobacco  when  first  cleared  (or  as  soon  as  it  ceased  to  be 
so),  land  of  this  kind  was  planted  in  com  two  or  three  years  in 
succession,  and  afterwards  every  second  year.  The  intermediate 
year  betwe.en  the  crops  of  corn,  the  field  was  "  rested"  under  a 
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crop  of  wheat,  if  it  would  produce  four  or  five  bushels  to  the  acre. 
If  _  the  sandiness,  or  exhausted  condition  of  the  soil,  denied  even 
this  small  product  of  wheat,  that  crop  was  probably  not  attempted; 
and,  instead  of  it,  or  oats,  the  field  was  exposed  to  close  grazing, 
from  the  time  of  gathering  one  crop  of  corn  to  that  of  preparing 
to  plant  another.  No  manure  was  applied,  except  on  the  tobacco 
lots ;  and  this  succession  of  a  grain  crop  every  year,  and  afterwards 
every  second  year,  was  kept  up  as  long  as  the  field  would  produce 
five  bushels  of  com  to  the  acre.  "When  reduced  below  that  pro- 
duct, and  to  still  more  below  the  necessary  expense  of  cultivation, 
the  land  was  turned  out  to  recover  under  a  new  growth  of  pines. 
After  twenty  or  thirty  years,  according  to  the  convenience  of  the 
owner,  the  same  land  would  be  again  cleared,  and  put  under  similar 
scourging  tillage,  which,  however,  would  then  much  sooner  end, 
as  before,  in  exhaustion.  Such  a  general  system  is  not  yet  every- 
where abandoned ;  and  many  years  have  not  passed  since  such  was 
the  usual  course  on  almost  every  farm. 

How  much  our  country  has  been  impoverished  during  the  last 
fifty  years,  cannot  be  determined  by  any  satisfactory  testimony. 
But,  howevel-  we  may  differ  on  this  head,  there  are  but  few  who 
will  not  concur  in  the  opinion,  that  [up  to  1831]  our  system  of 
cultivation  has  been  every  year  lessening  the  productive  power  of 
our  lands  in  general — and  that  no  one  county,  no  neighbourhood, 
and  but  few  particular  farms,  have  been  at  all  enriched  since  their 
first  settlement  and  cultivation.  Yet  many  of  our  farming  opera- 
tions have  been  much  improved  and  made  more  productive.  Driven 
by  necessity,  proprietors  direct  more  personal  attention  to  their 
farms — better  implements  of  husbandry  are  used — every  process 
is  more  perfectly  performed — and,  whether  well  or  ill  directed,  a 
spirit  of  inquiry  and  enterprise  has  been  awakened,  which  before 
had  no  existence. 

Throughout  the  country  below  the  falls  of  the  rivers,  and  perhaps 
thirty  miles  above,  if  the  best  land  be  excluded,  say  one-tenth,  the 
remaining  nine-tenths  will  not  yield  an  average  product  of  ten 
bushels  of  com  to  the  acre ;  though  that  grain  is  best  suited  to  our 
soils  in  general,  and  far  exceeds  in  quantity  all  other  kinds  raised. 
Of  course,  the  product  of  a  large  proportion  of  the  land  would  fall 
below  this  average.  Such  crops,  in  very  many  cases,  cannot  re- 
munerate the  cultivator-  If  our  remaining  wood-land  could  be  at 
once  brought  into  cultivation,  the  gross  product  of  the  country 
would  be  greatly  increased ;  but  the  nett  product  very  probably 
diminished ;  as  the  general  poverty  of  these  lands  would  cause  more 
expense  than  profit  to  accompany  their  cultivation  under  the  usual 
system.  Yet  every  year  we  are  using  all  our  exertions  to  clear 
wood-land,  and  in  fact  seldom  increase  either  nett  or  gross  products 
— ^because  nearly  as  much  old  exhausted  land  is  turned  out  of  cul- 
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tivation.as  ia  substituted  by  the  newly  cleared.  Sound  calculations 
of  profit  and  loss  would  induce  us  even  greatly  to  reduce  the  extent 
of  our  present  cultivation,  in  lower  Virginia,  by  turning  out  and 
leaving  waste  (if  not  to  be  improved),  every  acre  that  yields  less 
than  the  total  cost  of  its  tillage.* 

No  political  truth  is  better  established  than  that  the  population 
of  every  country  will  increase,  or  diminish,  according  to  its  regular 
supply  of  food.  We  know  from  the  census  of  1830,  compared  with 
those  of  1820  and  1810,  that  our  population  is  nearly  stationary, 
and,  in  some  counties,  is  actually  lessening;  and  therefore  it  is 
certain  that  [to  1830]  our  agriculture  in  general  is  not  increasing 
the  amount  of  food,  or  the  means  of  purchasing  food — with  all  the 
assistance  of  the  new  land  annually  brought  under  culture.  In 
these  circumstances,  a  surplus  population,  with  all  its  deplorable 
consequences,  is  only  prevented  by  the  great  current  of  emigration 
which  is  continually  flowing  westward.  No  matter  who  emigrates, 
or  with  what  motive — the  enterprising  or  wealthy  citizen  who 
leaves  us  to  seek  richer  lands  and  greater  profits,  and  the  slave  sold 
and  carried  away  on  account  of  his  owner's  poverty — all  concur  in 
producing  the  same  result,  though  with  very  different  degrees  of 
benefit  to  those  who  remain.  If  this  great  and  continued  drain 
from  our  population  was  stopped,  and  our  agriculture  was  not  im- 
proved, want  and  misery  would  work  to  produce  the  same  results. 
Births  woidd  diminish,  and  deaths  would  increase;  and  hunger  and 
disease,  operating  here  as  in  other  countries,  would  keep  down 
population  to  that  number  that  the  average  products  of  our  agri- 
cultural and  other  productive  labour  can  feed,  and  supply  with  the 
other  necessary  means  for  living.  i 

A  stranger  to  our  situation  and  habits  might  well  oppose  to  my 
statements  the  very  rsasonable  objection,  that  no  man  would,  or 
could,  long  pursue  a  system  of  cultivation  of  which  the  returns  fell 
short  of  his  expenses,  including  rent  of  land,  hire  of  labour,  interest 
on  the  necessary  capital,  &c.  Very  true ;  if  he  had  to  pay  those 
expenses  out  of  his  profits,  he  would  soon  be  driven  from  his  farm 
to  a  jail.  But  we  own  our  land,  our  labourers,  and  stock;  and 
though  the  calculation  of  nett  profit,  or  of  loss,  is  precisely  the  same, 
yet  we  are  not  ruined  by  making  only  two  per  cent,  on  our  capital, 

[*  The  foregoing  description  was  written  in  1826,  and  first  published  in 
1831,  and  particular  exceptions  to  the  general  correctness  of  the  applica- 
tion had  been  even  then  recently  exhibited ;  and,  with  the  passage  of  every 
year  since,  these  exceptions  have  been  becoming  more  numerous  and  more 
important,  and  in  a  rapidly  increasing  ratio.  These  recent  facts  of  im- 
proved lands  and  increased  production,  as  well  as  their  peculiar  causes 
wiU  be  treated  of  subsequently.  The  observations  and  deductions  presented 
in  the  remainder  of  this  chapter  were  also  of  the  same  date  as  the  forego- 
ing statements,  on  which  they  are  founded.  (1842.)  ] 
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provided  we  can  manage  to  live  on  that  income.  If  we  live  on 
still  less,  we  are  actually  growing  richer  (by  laying  up  a  part  of 
our  two  per  cent.),  notwithstanding  the  most  clearly-proved  regular 
loss  on  our  farming. 
_  Our  condition  has  been  so  gradually  growing  worse,  that  we  are 
either  not  aware  of  the  extent  of  the  evil,  or  are  in  a  great  measure 
reconciled  by  custom  to  profitless  labour.  No  hope  for  a  better 
state  of  things  can  be  entertained,  until  we  shake  oflf  this  apathy — 
this  excess  of  contentment,  which  makes  no  effort  to  avoid  existing 
evils.  I  have  endeavoured  to  expose  what  is  worst  in  our  situation 
as  farmers;  if  it  should  have  the  effect  of  arousing  any  of  my 
countrymen  to  a  sense  of  the  absolute  necessity  of  some  improve- 
ment, to  avoid  ultimate  ruin,  I  hope  also  to  point  out  to  some  of 
their  number,  if  not  to  all,  that  the  means  for  certain  and  highly 
profitable  improvements  are  completely  within  their  reach. 


CHAPTER  ni. 

THE  DIFFERENT  CAPACITIES   OP   SOILS   FOR  RECEIVING 
IMPROVEMENT. 

As  far  as  the  nature  of  the  subjects  permitted,  the  foregoing 
chapters  have  been  merely  explanatory  and  descriptive.  The  same 
subjects  will  be  resumed  and  more  fully  treated  in  the  course  of 
the  following  general  argument,  the  premises  of  which  are  the  facts 
and  circumstances  that  have  been  detailed.  The  object  of  this 
essay  will  now  be  entered  upon  ;  and  what  is  desired  to  be  proved 
wiU  be  stated  in  a  series  of  propositions,  which  will  now  be  pre- 
sented at  one  view,  and  afterwards  separately  discussed  in  their 
proper  order. 

Proposition  1.  Soils  naturally  poor,  and  rich  soils  reduced  to 
poverty  by  cultivation,  are  essentially  different  in  their  powers  of 
retaining  putrescent  (or  alimentary)  manures;  and,  under  like 
circumstances,  the  fitness  of  any  soil  to  be  enriched  by  these  ma^ 
nures  is  in  proportion  to  the  degree  of  its  natural  fertility. 

2d.  The  natural  sterility  of  the  soils  of  lower  Virginia  is  caused 
by  such  soils  being  destitute  of  calcareous  earth,  and  their  being 
injured  by  the  presence  and  effects  of  vegetable  acid. 

3d.  The  fertilizing  effects  of  calcareous  earth  are  chiefly  pro- 
duced by  its  power  of  neutralizing  acids,  and  of  combining  putres- 
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cent  manmes  with  soils,  between  which  there  would  otherwise  be 
bat  little  if  any  chemical  attraction.* 

4th.  Poor  and  acid  soils  cannot  be  improved  durably,  or  profat- 
ably,  by  putrescent  manures,  without  previously  making  such  soils 
calcareous,  and  thereby  correcting  the  natural  defect  in  their  con- 
stitution. - 
5th.  Calcareous  manures  will  give  to  our  worst  soils  a  power  of 
retaining  putrescent  manures,  equal  to  that  of  the  best — and  will 
cause  more  productiveness,  and  yield  more  profit,  than  any  other 
improvement  practicable  in  lower  Virginia. 

Dismissing  from  consideration,  for  the  present,  all  the  others,  I 
shall  proceed  to  maintain  the 

FiEST  Proposition. — Soils  naturally  poor,  and  rich  soils  reduced 
to  poverty  hy  cultivation,  are  essentially  different  in  their  powers 
of  retaining  putrescent  (or  alimentary^  manures;  and,  under 
like  circumstances,  the  'fitness  of  any  soil  to  he  enriched  hy  these 
manures  is  in  proportion  to  the  degree  of  its  natural  fertility. 
The  natural  fertility  of  a  soil  is  not  intended  to  be  estimated^  by 
the  amount  of  its  earliest  product,  when  first  brought  under  cultiva- 
tion, because  several  temporary  causes  then  operate  either  to  keep 
down  or  to  augment  the  product.     If  land  be  cultivated  immediately 
after  the  ttees  are  cut  down,  the  crop  is  greatly  lessened  by  the  nu- 
merous living  roots,  and  consequent  bad  tillage — by  the  excess  of 
unrotted  vegetable  matter — and  the  coldness   of  the   soil,  from 
which  the  rays  of  the  sun  had  been  so  long  excluded.     On  the 
other  hand,  if  cultivation  is  delayed  one  or  two  years,  the  leaves 
and  other  vegetable  matters  are  rotted,  and  in  the  best  state  to  sup- 
ply food  to  plants,  and  are  so  abundant,  that  a  far  better  crop  will 
be  raised  than  could  have  been  obtained  before,  or  perhaps  can  be 
again,  without  manure.     Por  these  reasons,  the  degree  of  natural 
fertility  of  any  soil  should  be  measured  by  its  products  after  these 

*  When  any  substance  is  mentioned  as  combining  with  one  or  more  other 
substances,  as  different  manures  with  each  other,  or  with  soil,  I  mean  that 
a  union  is  formed  by  chemical  attraction,  and  not  by  simple  mixture.  Mix- 
tures are  made  by  mechanical  means,  and  may  be  separated  in  like  manner; 
but  combinations  are  chemical,  and  require  some  stronger  chemical  attrac- 
tion, to  take  away  either  of  the  bodies  so  united. 

When  two  substances  combine,  they  both  lose  their  previous  peculiar 
qualities,  or  neutralize  them  for  each  other,  and  form  a  third  substance 
different  from  both.  Thus,  if  certain  known  proportions  of  muriatic  add 
and  pure  or  caustic  soda  be  brought  together,  their  strong  attraction  will 
cause  them  to  combine  immediately.  The  strong  corrosive  acid  quality 
of  the  one,  and  the  equally  peculiar  alkaline  taste  and  powers  of  the  other, 
will  neutralize  or  entirely  destroy  each  other — and  the  compound  formed  is 
common  table  salt,  the  qualities  of  which  are  as  strongly  marked,  but 
totally  different  from  those  of  either  of  its  constituent  parts. 
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temporary  causes  have  ceased  to  act,  which  will  generally  take  place 
before  the  third  or  fourth  crop  is  obtained.  According,  then,  to 
this  definition,  a  certain  degree  of  permanency  in  its  early  produc- 
tiveness is  necessary  to  entitle  a  soil  to  be  termed  naturally  fertUe. 
It  is  in  this  sense  that  I  deny  to  any  poor  lands,  except  such  as 
were  naturally  fertile,  the  capacity  of  being  made  rich  by  putres- 
cent- manures  only. 

The  foregoing  proposition  would  by  many  persons  be  so  readily 
admitted  as  true,  that  attempting  to  prove  it  would  be  deemed 
entirely  superfluous.  But  many  others  will  as  strongly  deny  its 
truth,  and  can  support  their  opposition  by  high  agricultural 
authorities. 

Greneral  readers,  who  may  have  no  connexion  with  farming,  must 
have  gathered  from  the  incidental  notices  in  various  literary  and 
descriptive  works,  that  some  countries  or  districts  that  were  noted 
for  their  uncommon  fertility  or  barrenness,  as  far  back  as  any 
accounts  of  them  have  been  recorded,  still  retain  the  same  general 
character,  through  every  change  of  culture,  government,  and  even 
of  races  of  inhabitants.  They  know  that,  for  some  centuries  at 
least,  there  has  been  no  change  in  the  strong  contrast  between  the 
barrenness  of  Norway,  Brandenburg,  and  the  Highlands  of  Scot- 
land, and  the  fertility  of  Flanders,  Lombardy,  and  Valencia.  Sicily, 
notwithstanding  its  government  is  calculated  to  discourage  in 
dustry,  and  production  of  every  profitable  kind,  still  exhibits  that 
fertility  for  which  it  was  celebrated  two  thousand  years  ago.  It 
seems  a  necessary  inference  from  the  many  statements  of  which 
these  are  examples,  that  the  labours  of  man  have  been  but  of  little 
avail  in  altering,  generally  or  permanently,  or  in  any  marked  de- 
gree, the  characters  and  qualities  given  to  soils  by  nature. 

Most  of  our  experienced  practical  cultivators,  through  a  different 
course,  have  arrived  at  the  ^ame  conclusion.  Their  practice  has 
taught  them  the  truth  of  this  proposition ;  and  the  opinions  thus 
formed  have  profitably  directed  their  most  important  operations. 
They  are  accustomed  to  estimate  the  worth  of  land  by  its  natural 
degree  of  fertility;  and  by  the  same  rule  they  are  directed  on  what 
soils  to  bestow  their  scanty  stock  of  manure,  and  where  to  expect 
exhausted  fields  to  recover  by  rest,  and  their  own  unassisted  powers. 
But,  content  with  knowing  the  fact,  this  useful  class  of  farmers 
have  never  inquired  for  its  cause  j  and  even  their  opinions  on  this, 
as  on  most  other  subjects,  have  not  been  communicated  so  as  to 
benefit  other  cultivators. 

But  if  all  literary  men,  who  are  not  farmers,  and  all  practical 
cultivators,  who  seldom  read,  admitted  the  truth  of  my  proposition, 
it  would  avail  but  little  for  improving  our  agricultural  operations ; 
and  the  only  prospect  of  its  being  usefully  disseminated  is  through 
that  class  of  farmers  who  have  received  their  first  opinions  of  im- 
4* 
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proving  soils  from  books,  and  whose  subsequent  plans  and  practices 
have  grown  out  of  those  opinions.  If  poor  natural  soils  cannot  be 
durably  or  profitably  improved  by  putrescent  manures,  this  tnith 
should  not  only  be  known,  but  be  kept  constantly  in  view,  by 
every  farmer  who  can  hope  to  improve  with  success.  Yet  it  is  a 
remarkable  fact,  that  the  difference  in  the  capacities  of  soils  for 
receiving  improvement  has  not  attracted  the  attention  of  scientific 
farmers ;  and  the  doctrine  has  no  direct  and  positive  support  from 
the  author  of  any  treatise  on  agriculture,  European  or  American, 
that  I  have  been  able  to  consult.  On  the  contrary,  it  seems  to  be 
considered  by  all  of  them,  that  to  collect^  and  apply  as  much 
vegetable  and  animal  manure  as  possible,  is  sufficient  to  insure 
profit  to  every  farmer,  and  fertility  to  every  soil.  They  do  not  tell 
us  that  numerous  exceptions  to  that  rule  will  be  found,  and  that 
many  soils  of  apparently  good  texture,  if  not  incapable  of  being 
enriched  from  the  barn-yard,  would  at  least  cause  more  loss  than 
clear  profit,  by  being  improved  from  that  source. 

"When  it  is  assumed  that  the  silence  of  every  distinguished  author 
as  to  certain  soils  being  incapable  of  being  profitably  enriched, 
amounts  to  ignorance  of  the  fact,  or  a  tacit  denial  of  its  truth — ^it 
may  be  objected  that  the  exception  was  not  omitted  from  either  of 
these  causes,  but  because  it  was  established  and  undoubted.  This 
is  barely  possible ;  but  even  if  such  were  the  case,  their  silence  has 
had  all  the  ill  consequences  that  could  have  grown  out  of  a  positive 
denial  of  any  exceptions  to  the  propriety  of  manuring  poor  soils. 
Every  zealous  young  farmer,  who  draws  most  of  his  knowledge  and 
opinions  from  books,  adopts  precisely  the  same  idea  of  their  di- 
rections— and  if  he  owns  barren  soils  he  probably  throws  away  his 
labour  and  manure  for  their  improvement,  for  years,  before  experience 
compels  him  to  abandon  his  hopes,  and  acknowledge  that  his  guides 
have  led  him  only  to  failure  and  loss.  Such  farmers  as  I  allude 
to,  by  their  enthusiasm  and  spirit  of  enterprise,  are  capable  of 
rendering  the  most  important  benefits  to  agriculture.  Whatever 
may  be  their  impelling  motives,  the  public  derives  nearly  all  the 
benefit  of  their  successful  plans ;  and  their  far  more  numerous  mis- 
directed labours,  and  consequent  disappointments,  are  productive  of 
national,  stilly  more  than  individual  loss.  The  occurrence  of  only 
a  few  such  mistakes,  made  by  reading  farmers,  will  serve  to  acquit 
me  of  combating  a  shadow — and  there  are  few  of  us  who  cannot 
recollect  some  such  examples. 

But  if  the  foregoing  objection  has  any  weight  in  justifying  Euro- 
pean authors  in  not  naming  this  exception,  it  can  have  none  for 
those  of  our  own  country.  If  it  be  admitted  that  soils  naturally 
poor  are  incapable  of  being  enriched  with  profit,  that  admission 
must  cover  three-fourths  of  all  the  high  land  in  the  tide-water  dis- 
trict.    Surely  no  one  wiU  contend  that  so  sweeping  an  exception 
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was  silently  understood  By  the  author  of  '  Arator^  as  qualifying  his 
exhortations  to  improve  our  lands;  and  if  no  such  exception  were 
intended  to  be  made,  then  will  his  directions  for  enriching  soils  and 
his  promises  of  reward  be  found  equally  fallacious,  for  the  greater 
portion  of  the  country  which  his  work  was  especially  intended  to 
benefit.  The  omission  of  any  such  exception,  by  the  writers  of  the 
United  States,  is  the  more  remarkable,  as  the  land  has  been  so 
recently  brought  under  cultivation,  that  the  original  degree  of 
fertility  of  almost  every  farm  may  be  known  to  its  owner,  and  com- 
pared with  the  after  progress  of  exhaustion  or  improvement. 

Many  authorities  might  be  adduced  to  prove  that  I  have  correctly 
stated  what  is  the  fair  and  only  inference  to  be  drawn  from  agricul- 
tural books,  respecting  the  capacity  of  poor  soils  to  receive  improve- 
ment. But  a  few  of  the  most  strongly  marked  passages  in  '  Arator' 
will  be  fully  sufficient  for  this  purpose.  The  venerated  author  of  that  ' 
Work  was  too  well  acquainted  with  the  writings  of  European  agricul- 
turists, to  have  mistaken  their  doctrines  in  tbis  important  particular. 
A  large  portion  of  his  useful  life  was  devoted  to  the  successful 
improvement  of  exhausted,  but  originally  fertile  lands.  His  instruc- 
tions for  producing  similar  improvements  are  expressly  addressed 
to  the  cultivators  of  the  eastern  parts  of  Virginia  and  North  Caro- 
lina, and  are  given  as  applicable  to  all  our  soils,  without  exception. 
Considering  all  these  circumstances,  the  conclusions  which  are 
evidently  and  unavoidably  deduced  from  his  woyk,  may  be  fairly 
considered,  not  only  as  supported  by  his  own  experience,  but  as 
concurring  with  the  general  doctrine  of  improving  poor  soils,  main- 
tained by  previous  writers. 

At  page  54,  third  edition  of  '  Arator,'  "enclosing"  (i.  e.  leaving 
fields  to  receive  their  own  vegetable  cover,  for  their  improvement, 
during  the  years  of  rest)  is  said  to  be  "  the  most  powerful  means 
of  fertilizing  the  earth" — ^and  the  process  is  •declared  to  be  rapid, 
the  returns  near,  and  the  gain  great. 

At  page  61  are  the  following  passages :  "  If  these  few  means  of 
fertilizing  the  country  (corn-stalks,  straw,  and  animal  dung)  were 
skilfully  used,  they  would  of  themselves  suffice  to  change  its  state 
from  sterility  to  fruitfulness." — "  By  the  litter  of  Indian  corn,  and 
of  small  grain,  and  of  penning  cattle,  managed  with  only  an  inferior 
degree  of  skill,  in  union  with  enclosing,  I  will  venture  to  affirm  that 
a  farm  may  in  ten  years  be  made  to  double  its  produce,  and  in 
twenty  to  quadruple  it." 

No  opinions  could  be  more  strongly  or  unconditionally  expressed 
than  these.  No  reservation  or  exception  is  made.  I  may  safely 
appeal  to  each  of  the  many  hundreds  who  have  attempted  to  obey 
these  instructions,  to  declare  whether  any  one  considered  his  own 
naturally  poor  soils  excluded  from  the  benefit  of  these  promises — or 
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whether  a  tithe  of  the  promised  benefit  was  realized  upon  trial  on 
any  farm  having  generally  such  soils. 

In  a  field  of  mine  that  has  been  secured  from  grazing  since  1814, 
and  cultivated  on  the  mild  four-shift  rotation,  the  produce  of  a 
marked  spot  has  been  measured  every  fourth  year  (when  in  corn) 
since  1820.  The  difi'erence  of  product  has  been  such  as  the  dif- 
ferences of  season  might  have  caused — and  the  last  crop  (in  1828) 
was  worse  than  those  of  either  of  the  two  preceding  courses. 
Ther«  is  no  reason  to  believe  that  even  the  smallest  increase  of 
productive  power  had  taken  place  in  all  the  preceding  fourteen 
years.  [Nor  has  there  been,  to  1841,  in  the  apparent  products  of 
this  ground,  any  manifestation  that  there  has  been  any  more  of 
subsequent  than  of  previous  improvement,  from  the  vegetable 
manurings  furnished  by  its  growth.     1842.] 

[A  still  more  striking  proof,  because  of  the  much  larger  scale,  as 
well  as  long  continuance  of  the  experiment,  has  been  very  recently 
(in  1842),  as  well  aa  informer  times,  mentioned  to  me,  as  confirm- 
ation of  my  views  in  this  respect.  Col.  George  Blow,  of  Sussex, 
a  highly  respectable  gentleman  and  intelligent  and  observant 
farmer,  had  adhered  for  nearly  thirty  years  to  Taylor's  "  enclosing 
system,"  and  with  a  very  mild  rotation,  on  a  farm  of  600  arable- 
acres,  of  sandy  soil,  and  originally  poor;  and  had  taken  but  one 
crop  (corn)  in  every  three  years.  A  few  spots  only  of  better 
quality  (the  sites^of  old  buildings,  &c.)  were  put  in  wheat  or  oats 
after  the  corn;  the  great  body  of  the  land  having  had  regularly 
two  years  in  three  to  rest,  and  to  manure  itself  by  its  volunteer 
growth  of  weeds  and  grass.  Very  little  grazing,  and  that  but 
rarely,  was  permitted.  There  could  have  been  no  material  mistake 
as  to  the  general  products  and  results ;  and  the  proprietor  is  confi- 
dent that  the  land  has  not  improved  in  production  in  all  this  long 
time.  Yet,  on  soil  differently  constituted.  Col.  Blow  has  improved 
and  increased  the  products,  rapidly  and  profitably.  These  two 
facts,  though  observed  more  particularly  and  for  longer  time  than 
any  others  known,  agree  with,  and  are  but  confirmatory  of  others 
presented  to  some  extent  on  almost  every  farm  in  the  tide-water 
region  of  Virginia.     1842.] 

It  is  far  from  my  intention,  by  these  remarks,  and  statements  of 
facts,  to  deny  the  propriety,  or  to  question  the  highly  beneficial 
results,  of  applying  the  system  of  improvement  recommended  by 
'  Arator,'  to  soils  originally  fertile.  On  the  contrary,  it  is  as  much 
my  object  to  maintain  the  facility  of  restoring  to  worn  lands  their 
natural  degree  of  fertility,  by  vegetable  applications,  as  it  is  to 
deny  the  power  of  exceeding  that  degree,  however  low  it  may  have 


One  more  quotation  will  be  ofiered,  because  its  recent  date  and 
the  source  whence  it  is  derived  furnish  the  best  proof  that  it  is  still 


OPPOSING  DOCTRINE.  45, 

the  received  opinion,  among  agricultural  writers,  that  all  soils  may 
be  profitably  improved  by  putrescent  manures.  An  article  in  the 
'  American  Farmer,'  of  October  14th,  1831,  on  "  manuring  large 
farms,"  by  the  editor  (Gr.  B.  Smith),  contains  the  following  ex- 
pressions. "By  proper  exertions,  every  farm  in  the  United  States 
can  be  manured  with  less  expense  than  the  surplus  profits  arising 
from  the  manure  would  come  to.  This  we  sincerely  believe,  and 
we  have  arrived  at  this  conclusion  from  long  and  attentive  observa- 
tion. We  never  yet  saw  a  farm  that  we  could  not  point  to  means 
of  manuring,  and  bring  into  a  state  of  high  and  profitable  cultiva- 
tion at  an  expense  altogether  inconsiderable  when  contrasted  with 
the  advantages  to  be  derived  from  it."  The  remainder  of  the 
article  shows  that  putrescent  manures  are  principally  relied  on  to 
produce  these  effects ;  marsh  and  swamp  mud,  are  the  only  kinds 
referred  to  that  are  not  entirely  putrescent  in  their  action ;  and  mud 
certainly  cannot  be  used  to  manure  every  farm.  .  Mr.  Smith  having 
been  long  the  conductor  of  a  valuable  agricultural  journal,  as  a 
matter  of  course,  is  extensively  acquainted  with  the  works  and 
opinions  of  the  best  writers  on  agriculture;  and  therefore,  his 
advancing  the  foregoing  opinions,  as  certain  and  undoubted,  is  as 
much  a  proof  of  the  general  concurrence  therein  of  preceding 
writers,  as  if  the  same  had  been  given  as  a  digest  of  their  pre- 
cepts.* 

Some  persons  will  readily  admit  the  great  difference  in  the  capa- 
cities of  soils  for  improvement,  but  consider  a  deficiency  of  clay 
only  to  cause  the  want  of  power  to  retain  manures.  The  general 
excess  of  sand  in  our  poor  lands  might  warrant  this  belief  in  a 
superficial  and  limited  observer.  But  though  clay  soils  are  more 
rarely  met  with,  they  present,  in  proportion  to  their  extent,  full  as 
much  poor  land.  The  most  barren  and  worthless  soils  in  the 
county  of  Prince  George  are  also  the  stiffest.  A  poor  clay  soil  will 
retain  manure  longer  than  a  poor  sandy  soil — but  it  will  not  the 
less  certainly  lose  its  acquired  fertility  at  a  somewhat  later  period. 
When  it  is  considered  that  a  much  greater  quantity  of  manure  is 
required  by  clay  soils,  it  may  well  be  doubted  whether  the  tem- 

[*  Though  not  then  known  tB  roe,  and  probably  to  few  if  any  others  in 
America,  there  was  then  in  print  the  expression  of  the  opinion  which  I 
have  announced  and  maintained  above.  This  exception  I  subsequently  met 
with,  and  republished  the  article  in  the  Farmer's  Kegister  (Vol.  iv.  p.  335.) 
It  was  a  communication  from  the  excellent  practical  farmer,  William  Daw- 
son, of  Scotland,  to  the  Farmer's  Magazine,  published  in  Edinburgh.  In 
this  communication,  the  writer,  and,  so  far  as  I  know,  he  only,  before 
myself,  asserts  opinions  which  approach  very  nearly  to  the  doctrine  above 
maintained,  of  the  incapacity  of  naturally  poor  soils  for  being  profitably 
or  durably  improved  by  jputrescent  manures  alone — and  also  their  newly 
acquired  fitness  for  being  enriched  after  having  been  limed,] 
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porary  improvement  of  the  sandy  soils  would  not  be  attended  with 
more  profit — or,  more  properly  speaking,  with  less  actual  loss. 

It  is  true  that  the  capacity  of  a  soil  for  improvement  is  greatly 
affected  by  its  tezture,  shape  of  the  surface,  and  its  supply  of  ■ 
moisture.  Dry,  level,  or  clay  soils,  will  retain  manure  longer  than 
the  sandy,  hilly,  or  wet.  But  however  important  these  circum- 
stances may  be,  neither  the  presence  nor  absence  of  any  of  them 
can  cause  the  essential  differences  of  capacity  for  improvement. 
There  are  some  rich  and  valuable  soils  with  either  one  or  more  of 
all  these  faults — and  there  are  other  soils  the  least  capable  of  re- 
ceiving improvement,  free  from  objections  as  to  their  texture, 
degree  of  moisture,  or  inclination  of  their  surface.  Indeed  the 
great  body  of  our  poor  ridge  lands  are  more  free  from  faults  of  this 
kind,  than  soils  of  far  greater  productiveness  usually  are.  Unlefes 
then  some  other  and  far  more  powerful  obstacle  to  improvement 
exists,  why  should  not  all  our  wood-land  be  highly  enriched,  by  the 
thousands  of  crops  of  leaves  which  have  successively  fallen  and 
rotted  there?  Notwithstanding  this  vegetable  manuring,  which 
infinitely  exceeds  all  that  the  industry  and  patience  of  man  can 
possibly  equal,  most  of  our  wood-land  remains  poor;  and  this  one 
fact  (which  at  least  is  indisputable)  ought  to  satisfy  all  of  the 
impossibility  of  enriching  such  soils  by  putrescent  manures  only. 
Some  few  acres  may  be  highly  improved,  by  receiving  all  the 
manure  derived  from  the  offal  of  the  whole  farm — and  entire  farms, 
in  the  neighbourhood  of  towns,  may  be  kept  rich  by  continually 
applying  large  quantities  of  purchased  manures.  But  no  where  can 
a  farm  be  found,  which  has  been  improved  beyond  its  original 
fertility,  by  means  of  the  vegetable  resources  of  its  own  arable 
fields.  If  this  opinion  is  erroneous,  nothing  is  easier  than  to  prove 
my  mistake,  by  adducing  undoubted  examples  of  such  improve- 
ments having  been  made. 

But  a  few  remarks  will  suffice  on  the  capacity  for  improvement 
of  worn  lands,  which  were  originally  fertile.  With  regard  to  these 
soils,  I  have  only  to  concur  in  the  received  opinion  of  their  fitness 
for  durable  and  profitable  improvement  by  putrescent  manures. 
After  being  exhausted  by  cultivation,  they  will  recover  their  pro- 
ductive power,  by  merely  being  left  to  rest  for  a  sufficient  time, 
and  receiving  the  manure  made  by  nature,  of  the  weeds  and  other 
plants  that  grow  and  die  upon  the  land.  Even  if  robbed  of  the 
greater  part  of  that  supply,  by  the  grazing  of  animals,  a  still  longer 
time  will  serve  to  obtam  the  same  result.  The  better  a  soil  was  at 
first,  the  sooner  it  will  recover  by  these  means,  or  by  artificial 
manuring.  On  soils  of  this  kind,  the  labours  of  the  improving 
farmer  meet  with  certain  success  and  full  reward;  and  whenever 
we  hear  of  remarkable  improvements  of  poor  lands  by  putrescent 
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manures,  further  inquiry  will  show  us  that  these  poor  lands  had 
once  been  rich. 

The  continued  fertility  of  certain  countries,  for  hundreds  or  even 
thousands  of  years,  does  not  prove  that  the  land  could  not  be,  or 
had  not  been,  exhausted  by  cultivation;  but  only  that  it  was  slow 
to  exhaust  and  rapid  in  recovering;  so  that  whatever  repeated 
changes  may  have  occurred  in  each  particular  tract,  the  whole 
country  taken  together  always  retained  a  high  degree  of  productive- 
ness. Still  the  same  rule  will  apply  to  the  richest  and  the  poorest 
soils — to  wit,  that  each  exerts  strongly  a  force  to  retain  as  much 
fertility  as  nature  gave  to  it — and  that  when  worn  and  reduced, 
each  kind  may  easily  be  restored  to  its  original  state,  but  cannot  be 
raised  higher,  with  either  durability  or  profit,  by  putrescent  ma- 
nures, whether  applied  by  the  bounty  of  nature,  or  the  industry 
of  man. 


CHAPTEK  IV. 

EFFECTS  OF  THE  PRESENCE  OF  CALCAREOUS  EARTH  IN  SOILS. 

Proposition  2. — The  natural  sterility  of  the  toils  of  lower  Virginia 
is  caused  hy  such  soils  being  destitute  of  calcareous  earth,  and 
their  being  injured  by  the  presence  and  effects  of  vegetable  acid. 

The  means  which  would  appear  the  most  likely  to  lead  to  the 
causes  of  the  different  capacities  of  soils  for  improvement  is  to 
inquire  whether  any  known  ingredient  or  quality  is  always  to  be 
found  belonging  to  improvable  soils,  and  never  to  the  unim- 
provable— or  which  always  accompanies  the  latter,  and  never  the 
former  kind.  If  either  of  these  results  can  be  obtained,  we  will 
have  good  ground  for  supposing  that  we  have  discovered  the  general 
cause  of  fertility,  in  the  one  case,  or  of  barrenness,  in  the  other; 
and  it  will  follow  that,  if  we  can  supply  to  barren  soils  the  deficient 
beneficial  ingredient— or  can  destroy  that  which  is  injurious  to 
them — ^their  incapacity  for  receiving  improvement  will  be  removed. 
All  the  common  ingredients  of  soils,  as  sand,  clay,  or  gravel — and 
such  qualities  as  moisture  or  dryness — ^a  level,  or  a  hilly  surface — 
however  they  may  affect  the  value  of  soils,  are  each  sometimes 
found  exhibited,  in  a  remarkable  degree,  in  both  the  fertile  and  the 
eterile.  The  abundance  of  putrescent  vegetable  matter  might  well 
be  considered  the  cause  of  fertility,  by  one  who  judged  only  from 
lands  long  under  cultivation.  But  though  vegetable  matter  in 
sufficient  quantity  is  essential  to  the  existence  of  fertility,,  yet  will 
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this  substance  also  be  found  inadequate  for  the  cause.  Vegetable 
matter  abounds  in  all  rich  land,  it  is  admitted ;  but  it  has  also  been 
furnished  by  nature,  in  quantities  exceeding  all  computation,  to  the 
most  barren  soils  known.  ' 

But  there  is  one  ingredient  of  which  not  the  smallest  proportion 
can  be  found  in  any  of  our  poor  soils,  and  which,  wherever  found, 
(and  not  in  great  excess),  indicates  a  soil  remarkable  for  natural 
and  durable  fertility.  This  is  calcareous  earth,  or  carbonate  of 
lime.  These  facts  alone,  if  sustained,  will  go  far  to  prove  that  this 
earth  is  the  cause  of  fertility,  arid  the  cure  for  barrenness. 

On  some  part  of  most  farms  touching  tide-water,  either  mussel 
or  oyster  shells  are  found  mixed  with  the  soil.  Oyster  shells  are 
confined  to  the  lands  on  salt  water,  where  they  are  very  abundant, 
and  sometimes  extend  through  large  fields.  Higher  up  the  rivers, 
mussel  shells  only  are  to  be  seen  thus  deposited  by  nature,  or  by 
the  aboriginal  inhabitants,'  and  they  decrease  as  we  approach  the 
falls  of  the  rivers.  The  proportion  of  shelly  land  in  the  counties 
highest  on  tide-water  is  very  small ;  but  the  small  extent  of  these 
spots  does  not  prevent,  but  rather  aids,  the  exhibition  of  the  pecu- 
liar qualities  of  such  soils.  Spots  of  shelly  land,  not  exceeding  a 
few  acres  in  extent,  could  not  well  have  been  cultivated  differently 
from  the  balance  of  the  fields  of  which  Hhey  formed  parts — and 
•  therefore  they  can  be  better  compared  with  the  worse  soils  under 
like  treatment.  Every  acre  of  shelly  land  is,  or  has  been,  remark- 
able for  its  richness,  and  still  more  for  its  durability.  There  are 
few  farmers  among  us  who  have  not  heard  described  tracts  of  shelly 
soil  on  Nansemond  and  York  rivers,  which  are  celebrated  for  their 
long  resistance  of  the  most  exhausting  course  of  tillage,  and  which 
still  remain  fertile,  notwithstanding  all  the  injury  which  they  must 
have  sustained  from  their  severe  treatment.  We  are  told  that  on 
some  of  these  lands,  corn  has  been  raised  every  successive  year, 
without  any  help  from  manure,  for  a  longer  time  than  the  owners 
could  remember,  or  could  be  informed  of  correctly.  But  without 
relying  on  any  such  remarkable  cases,  there  can  be  no  doubt  that 
every  acre  of  our  shelly  land  has  been  at  least  as  much  tilled,  and 
as  little  manured,  as  any  in  the  country;  and  that  it  is  still  the 
richest  and  most  valuable  of  all  our  old  cleared  lands. 

The  fertile  but  narrow  strips,  along  the  banks  of  our  rivers 
(which  form  the  small  portion  of  our  high-land  of  first-rate  quality), 
seldom  extend  far  without  exhibiting  spots  in  which  shells  are 
visible,  so  that  the  eye  alone  is  sufficient  to  prove  the  soil  of  such 
places  to  be  calcareous.  The  similarity  of  natural  growth,  and  of 
all  other  marks  of  character,  are  such,  that  the  observer  might  very 
naturally  infer  that  the  former  presence  of  shells  had  given  the 
same  valuable  qualities  to  all  these  soils — but  that  they  had  so 
generally  lotted,  and  been  incorporated  with  the  other  earths  that 
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they  remained  visible  only  in  a  few  places,  where  they  had  been 
most  abundant.  The  accuracy  of  this  inference  will  hereafter  be 
examined.   •       , 

The  natural  growth  of  the  shelly  soils  (and  of  those  adjacent  of 
similar  yalue)  is  entirely  diiferent  from  that  Of  the  great  body  of 
our  lands.  Whatever  tree  thrivfes  well  on  the  one,  is  seldom  found . 
on  the  other  class  of  soils — or,  if  found,  it  shows  plainly,  by  its 
imperfect  and  stunted  condition,  on  how  unfriendly  a  soil  it  is 
placed.  To  the  rich  river  margins  are  almost  entirely  confined  the 
black  or  wild  locust,  hackberry  or  sugar-nut  tree,'  and  papaw.  The 
locust  is  with  great  diflSculty  eradicated,  or  the  newer  growth  of  it 
kept  under  on  cultivated  lands;  and  from  the  remarkable  rapidity 
with  which  it  springs  up  and  increases  in  size,  it  forms  a  serious 
obst^^cle  to  the  cultivation  of  land  on  the  river  banks.  Yet  on  the 
wood-land  only  a  mile  or  two  from  the  river,  not  a  locust  is  to  be 
seen.  On  shelly  soils,  pines  and  broomTgrass  ^Andropogon  scopa- 
rius]  cannot  thrive,  and  are  rarely  able '  to  maintain  even  the  most 
sickly  growth. 

Some  may  say  that  these  striking  differences  of  growth  do  not 
so  much  show  a  difference  in  the  constitution  of  the  soils,  as  in . 
their  state  of  fertility ;  or  that  one  class  of  the  plants  above  named 
delights  in  rich,  and  the  other  in  poor  land.  No  plant  prefers  poor 
to  rich  soil — or  can  thrive  better  on  a  scarcity  of  food,  than  with 
an  abundant  supply.  Pine,  broom-grass,  and  sheep-sorrel,  delight 
in  a  class  of  soils  that  are  generally  unproductive- — ^but  not  on 
account  of  their  poverty;  for  all  these  plants  show,  by  the  greater 
or  less  vigour  of  their  growth,  the  abundance  or  scarcity  of  vegetable  . 
matter  in  the  soil.  But  on  this  class  of  soils,  no  quantity  of 
vegetable  manure  could  make  locusts  flourish,  though  they  will 
grow  rapidly  on  a  calcareous  hill-side,  from  which  aU  the  soil 
capable  of  supporting  other  ordinary  plants  has  been  washed  away. 

In  thus  describing  and  distinguishing  soils  by  their  growth,  let 
me  not  be  understood  as  extending  these  rules,  without  exception, 
to  other  soils  and  climates  than ,  our  own.  It  is  well  established 
that  changes  of  kind  in  successive  growths  of  timber  have  occurred 
in  other  places,'  without  any  known  cause;  and  a  difference  of 
climate  may  elsewhere  produce  effectSj  which  here  would  indicate 
a  change  of  soil. 

Some  rare  apparent  exceptions  to  the  general  fertility  of  shelly 
lands  are  found  where  the  proportion  of  calcareous  earth  is  in  great 
excess.  Too  much  of  this  ingredient  causes  even  a  greater  degree 
of  sterility  than  its  total  absence.  This  cause  of  barrenness  is 
very  common  in  France  and  England  (oij  chalk  soils),  and  very 
extensive  tracts  are  not  worth  the  expense  of  cultivation,  or  im- 
provement. The  few  small  spots  that  are^  rendered  barren  here  are 
seldom  (if  ever)  so  affected  by  the  excess  of  oyster  or  mussel  shells 
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in  the  soil.  These  effects'  generally  are  caused  by  beds  of  fossil 
sea-shells,  which  in  some  places  reach  the  surface,  and  are  thus 
exposed  to  the  plough.  These  spots  (which  are  the  only  super- 
calcareous  or  chalky  soils  of  this  region)  are  not  often  more  than 
thirty  feet  across,  and  their  nature  is  generally  evident  to  the  eye ; 
and  if  not,  is  so  easily  determined  by  chemical  tests,  as  to  leave  no 
reason  for, confounding  the  injurious  and  beneficial  effects  of  cal- 
careous earth.  This  exception  to  the  general  fertilizing  effect  of 
this  ingredient  of  our  soils  would  scarcely  require  naming,  but  to 
mark  what  might  be  deemed  an  apparent  contradiction.  But  this 
exception,  and  its  cause,  must  be  kept  in  mind,  and  considered  as 
always  understood  and  admitted  throughout  all  my  remarks,  and 
which  therefore  it  is  not  necessary  to  name  specially,  when  the 
general  qualities  of  calcareous  earth  are  spoken  of.  [After  all,  this 
exception  is  only  in  appearance,  as  it  is  found  only  in  super-cal- 
careous soils,  and  never  in  any  soil  in  which  calcareous  earth  is  not 
so  abundant  as  to  form  a  physical  material. — 1849.] 

In  the  beginning  of  this  chapter,  I  advanced  the  important  fact 
that  none  of  our  poor  soils  contain  naturally  the  least  particle  of  cal- 
careous earth.  So  far,  this  is  supported  merely  by  my  assertion — and 
all  those  who  have  studied  agriculture  in  books  will  require  strong 
proof  before  they  can  give  credit  to  the  existence  of  a  fact,  which 
is  either  unsupported,  or  indirectly  denied,  by  all  written  authority. 
Others,  who  have  not  attended  to  such  descriptions  of  soils  in 
general,  may  be  too  ready  to  admit  the  truth  of  my  assertion — 
because,  not  knowing  the  opinions  on  this  subject  heretofore  re- 
ceived and  undoubted,  they  would  not  be  aware  of  the  importance 
of  their  admission. 

It  is  true  that  no  author  has  said  expressly  that  every  soil  con- 
tains calcareous  earth.  Neither  perhaps  has  any  one  stated  that 
every  soil  contains  some  silicious  or  aluminous  earth.  But  the 
manner  in  which  each  one  has  treated  of  soils  and  their  constituent 
•parts,  would  cause  their  readers  to  infer  that  neither  of  these  three 
earths  is  ever  entirely  wanting — or  at  least  that  the  entire  absence 
of  the  calcareous  is  as  rare  as  the  absence  of  silicious  or  aluminous 
earth.  Nor  are  we  left  to  gather  this  opinion  solely  from  indirect 
testimony,  as  the  following  examples,  from  the  highest  authorities, 
will  prove.  Davy  says,  "  four  earths  generally  abound  in  soils,  the 
aluminous,  the  silicious,  the  calcareous,  and  the  magnesian;"*  and 
the  soils  of  which  he  states  the  constituent  parts,  obtained  by 
chemical  analysis,  as  well  as  those  reported  by  Kirwan,  and  by 
Young,  all  contain  some  proportion  (and  generally  a  large  propor- 
tion) of  calcareous  earth.f    Kirwan  states  the  component  parts  of 

*  Davy's  Agr.  Chem.,  Lecture  1. 

t  Agr.  Chem.,  Leot.  4.— Kirwan  on  Manures— and  Young's  Prize  Essay 
.on  Manures.  ' 
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a  soil  which  contained  thirty-one  per  cent,  of  calcareous  earth,  and 
he  supposes  that  proportion  neither  too  little  nor  too  much.* 
Young  mentions  soils  of  extraordinary  fertility  containing  seventeen 
and  twenty  per  cent.,  hesides  others  with  smaller  proportions  of 
calcareous  earth — and  says  that  Bergman  found  thirty  per  cent, 
in  the  best  soil  he  examined. f  Kozier  speaks  still  more  strongly 
for  the  general  diffusion,  and  large  proportions  of  this  ingredient 
of  soils.  In  his  general  description  of  earths  and  soils,  he  gives 
examples  of  the  supposed  composition  of  the  three  grades  of  soils 
which  he  designates  by  the  terms  rich,  good,  and  middling  soils;  to 
the  first  class  he  assigns  a  proportion  of  one-tenth,  to  the  second^ 
one-fourth,  and  to  the  last,  one-half  of  its  amount,  of  calcareous 
earth.  The  fair  interpretation  of  the  passage  is  that  the  author 
considered  these  large  proportions  as  general,  in  France — and  he 
gives  no  intimation  of  any  soil  entirely  without  calcareous  earth.  J 

The  position  assumed  above,  of  the  general  or  universal  concur- 
rence of  former  European  authors  in  the  supposed  general  presence 
of  calcareous  earth  in  soils,  could  be  placed  beyond  dispute  by  ex- 
tracts from  their  publications.  But  this  would  require  many  and 
long  extracts,  too  bulky  to  include  here,  and  which  cannot  be  fairly 
abridged,  or  exhibited  by  a  few  examples.  No  author  says  directly, 
indeed,  that  calcareous  earth  is  present  in  all  soils ;  but  its  being 
always  named  as  one  of  the  ingredients  of  soils  in  general,  and  no 
cases  of  its  absolute  deficiency  in  tilled  lands  being  directly  stated, 
amount  to  the  declaration  that  calcareous  earth  is  very  rarely,  if 
ever,  entirely  wanting  in  any  soil.  We  may  find  enough  directions 
to  apply  calcareous  manures  to  soils  that  are  deficient  in  that  in- 
gredient ;  but  that  deficiency  seems  to  be  not  spoken  of  as  absolute, 
but  relative  to  other  soils  more  abundantly  supplied.  In  the  same 
manner,  writers  on  agriculture  direct  clay,  or  sand,  to  be  used  as 
manure  for  soils  very  deficient  in  one  or  the  other  of  those  earths; 
but  without  meaning  that  any  soil  under  cultivation  can  be  found 
entirely  destitute  of  sand  or  of  clay.  My  proofs  from  general 
treatises  would  therefore  be  generally  indirect ;  and  the  quotations 

*  Kirwan  on  Manures,  article  "  Clayey  Loam." 

f  Young's  Essay  on  Manures. 

j  "  Composition  of  soils.  Examples  of  the  various  composition  of  soils : 
Mich  soil;  silicious  earth,  2  parta ;  aluminous,  6 ;  calcareous,  1  ;  vegeta- 
ble earth,  [^humus']  1 ;  in  all,  10 '  parts.  Good  soil — silicioUs,  3  parts  ; 
aluminous,  4;  calcareous,  2^;  vegetable  earth,' J  of  1  part;  in  all,  10 
parts.  Middling  soil  \^sol  mediocre;']  sUicious,  4  parts;  aluminous,  1 ;  cal'' 
careous,  5  parts,  less  by  some  atoms  of  vegetable  earth ;  in  all,  10  parts. 
We  see  that  it  is  the  largest  proportion  of  aluminous  earth  that  constitutes 
the  greatest  excellence  of  soils ;  and  we  know  that  independently  of  their 
harmony  of  composition,  they  require  a  sufficiency  of  depth." — Translated 
from  the  article  "Terres,"  in  the  "Cours  Complet  d' Agriculture  Pratique) 
etc.  par  I'Abbe  Rozier,"  1815. 
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necessary  to  exhibit  them  would  show  what  had  not  been  said, 
rather  than  what  had-^ni.  that  they  did  not  assert  the  absence  ot 
calcareous  earth,  instead  of  directly  asserting  its  tiniversal  presence. 
Extracts  for  this  purpose,  however  satisfactory,  would  necessarily  , 
be  too  voluminous,  and  it  is  well  that  they  can  be  dispensed  with. 
Better  proof,  because  it  is  direct,  and  more  concise,  will  be  furnished 
by  quoting  the  opinions  of  a  few  agriculturists  of  our  own  country, 
who  were  extensively  acquainted  with  European  authors,  and  have 
evidently  drawn  their  opinions  from  those  sources.  These  quota- 
tions will  not  only  show  conclusively  that  their  authors  consider 
the  received  European  doctrine  to  be  that  all  soils  are  more  or  lesa 
calcareous — but  also,  that  they  apply  the  same  general  character  to 
the  soils  of  the  United  States,  without  expressing  a  doubt  or  naming 
an  exception.  These  writers,  as  all  who  have  heretofore  written 
of  soils  in  this  country,  have  uttered  but  the  echoes  of  preceding 
English  general  descriptions  of  soils.  They  seem  not  to  have  sus- 
pected that  any  very  important  difference  existed  in  this  respect 
between  the  soils  of  England  and. of  this  country;  and  certainly  not 
one  had  made  the  slightest  investigation  by  any  attempt  at  chemical 
analysis,  to  sustain  the  false  character  thus  given  to  our  soils. 

1.  From  a  "Treatise  on  Agriculture"  (ascribed  to  General 
Armstrong),  published  in  the  American  Farmer.  [Vol.  i.  page 
153.] 

"Of  six  or  eight  substances,  which  chemists  have  denominated  earths,  ^ 
four  are  vndely  and  abundantly  diffused,  and  form  the  crust  of  our  globe. 
These  are  silica,  alumina,  lime,  and  magnesia." — "In  a-  pure  or  isolated 
state,  these  earths  are  wholly  unproductive ;  but  when  decomposed  and 
mixed,  and  to  this  mixture  is  added  the  residuum  of  dead  animal  or  vege- 
table matter,  they  become  fertile,  and  take  the  general  name  of  soils,  and 
are  again  denominated  after  the  earth  that  most  abounds  in  their  composi- 
tion respectively." 

2.  Address  of  R.  H.  Rose  to  the  Agricultural  Society  of  Susque- 
hanna.    [Am.  Far.  Vol.  \\.  p.  l&l.] 

"  Geologists  suppose  our  earth  to  have  been  masses  of  rook  »f  various 
kinds,  but  principally  ailioious,  aluminous,  calcareous,  and  magnesian — 
from  the  gradual  attrition,  decay,  and  mixture  of  which,  together  with  an 
addition  of  vegetable  and  animal  matter,  is  formed  the  soil ;  and  this  is 
called  sandy,  clayey,  calcareous,  or  magnesian,  according  as  the  particular 
primitive  material  preponderates  in  its  formation." 

3.  Address  of  Robert  Smith  to  the  Maryland  Agricultural  So- 
ciety.    [Am.  Far.  Vol.  iii.  p.  228.] 

" The  soils  of  our  country  are  in  general  clay,  sand,  gravel,  clayey 

loam,  sandy,  loam,  and  gravelly  loam.  Clay,  sand,  and  gravel,  need  no. 
description,  &c." — "Clayey  loam  is  a  compound  soil,  consisting  of  clay 
and  sand  or  gravel,  with  a  mixture  of  calcareous  matter,  and  in  which  elay 
is  predominant.  Sandy  or  graveUy  loam  is  a  compound  soil,,  consisting  of 
sand  or  gravel  and  clay  with  a  mixture  of  calcareous  matter,  and  in  which 
sand  or  gravel  is  predominant." 
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The  Erst  two  extracts  merely  state  the  geological  theory  of  the 
formation  of  soils,  which  is  received  as  correct  by  the  most  eminent 
agriculturists  of  Europe.  How  far  it  may  be  supported'  or  opposed 
by  the  actual  constitution  and  number  of  ingredients  of  European 
soils,  is  not  for  me  to  decide,  nor  is  the  considisration  necessary  to 
my  subject.  But  the  adoption  of  this  general  theory  by  American 
writers,  without  excepting  American  soils,  is  an  indirect,  but  com- 
plete application  to  them  of  the  same  character  and  composition. 
The  writer  last  quoted  states  positively,  that  the  various  loams 
(which  comprise  at  least  nineteen  twentieths  of  our  soils,  and  I  pre- 
sume also  of  the  soils  of  Maryland)  contain  calcareous  matter. 
The  expression  of  this  opinion  by  Mr.  Smith  is  sufficient  to  prove 
that  such  was  the  fair  and  plain  deduction  from  his  general  reading 
on  agriculture,  from  which  source  only  could  his  opinions  have  been 
derived.  If  the  soils  of  Maryland  are  not  very  unlike  those  of 
Virginia,  I  will  venture  to  assert,  that  not  one  in  a  thousand  of  all 
the  clayey,  sandy,  and  gravelly  loams,  contains  the  smallest  propor- 
tioii  of  carbonate  of  Zime— and  that  not  a  single  specimen  of  cal- 
careous SOU  can  be  found,  between  the  Mis  of  the  rivers  and  the 
most  eastern  body  of  limestone. 

But  though  the  direct  testimony  of  European  authors,  as  cited 
in  a  foregoing  page,  concurs  with  the  indirect  proofs  referred  to 
since,  to  induce  the  belief  that  soils  are  very  rarely  destitute  of  cal- 
careous earth,  yet  statements  may  be  found  of  some  particular  soils 
being  considered  of  that  character.  These  statements,  even  if 
presented  by  the  authors  of  general  treatises,  would  only  seem  to 
present  exceptions  to  their  general  rule  of  the  almost  universal 
diffusion  of  calcareous  earth  in  soils.  But,  so  far  as  I  know,  no 
such  exceptions  are  named  in  the  descriptions  of  soils  in  any  general 
treatise,  and  therrfdre  have  not  the  slightest  influence  in  contradict- 
ing or  modifying  their  testimony  on  this  subject.  It  is  in  the 
description  of  soils  of  particular  farms,  or  districts,  that  some  such 
statements  are  made ;  and  even  if  no  such  examples  had  been  men- 
tioned, they  would  not  have  been  needed  to  prove  the  existence,  in 
Europe,  of  some  soils,  like  most  of  ours,  destitute  of  calcareous 
earth.  These  facts  do  not  oppose  my  argument.  I  have  not 
asserted  (nor  believed,  since  endeavouring  to  investigate  this  sub- 
ject), that  there  were  not  soils  in  Europe,  and  perhaps  many  exten- 
sive districts,  containing  no  calcareous  earth.  My  argument  merely 
maintains,  that  these  facts  would  not  be  inferred,  but  the  contrary, 
by  any  general  and  cursory  reader  of  the  agricultural  treatises  of 
Europe  with  which  we  are  best  acquainted.  It  has  not  been  my 
purpose  to  inquire  as  to  the  existence,  or  extent,  of  soils  of  this 
kind  in  Europe.  But  judging  from  the  indirect  testimony  furnished 
i»y  accounts  of  the  mineral  and  vegetable  productions,  in  general 
descriptions  of  different  countries,  I  would  infer  that  soils  having 
5* 
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no  calcareous  earth  were  often  found  in  Scotland  and  the  northern 
part  of  Grermany,  and  that  they  were  comparatively  rare  in  England 
and  France.  .  . 

With  my  early  impressions  of  the  nature  and  composition  of 
soils,  derived  in  like  manner  from  the  general  descriptions  given  ia 
books,  it  was  with  surprise,  and  some  distrust,  that,  when  first 
attempting  to  analyze  soils,  in  1817, 1  found  most  of  the  specimens 
entirely  destitute  of  calcareous  earth.  The  trials  were  repeated 
with  care  and  accuracy,  on  soils  from  various  places,  until  I  felt 
authorized  to  assert,  without  fear  of  contradiction,  that  no  naturally 
poor  soil,  below  the  falls  of  the  rivers,  contains  the  smallest  propor- 
tion of  calcareous  earth.  Nor  do  I  believe  that  any  exception  to 
this  peculiarity  of  constitution  can  be  found  in  any  poor  soil  above 
the  falls ;  but  though  these  soils  are  far  more  extensive  and  im- 
portant in  other  respects,  they  are  beyond  the  district  within  the 
limits  of  which  I  propose  to  confine  my  investigation. 

These  results  are  highly  important,  whether  considered  merely 
as  serving  to  establish  my  proposition,  or  as  showing  a  radical 
difference  between  most  of  our  soils,  and  those  of  the  best  cultivated 
parts  of  Europe.  Putting  aside  my  argument  to  establish  a  par- 
ticular theory  of  improvement,  the  ascertained  fact  of  the  universal 
absence  of  calcareous  earth  in  our  poor  soils  leads  to  this  conclusion, 
that  profitable  as  calcareous  manures  have  been  found  to  be  in 
countries  where  the  soils  are  generally  calcareous  in  some  degree, 
they  must  be  far. more  so  on  our  soils  that  are  quite  destitute  of 
that  necessary  earth.* 

[*  Since  the  first  and  even  the  last  edition  (1842)  containing  the  above 
deductions,  the  later  agricultural  chemists  have  removed  much  of  the  ob- 
scurity before  resting  upon  the  calcareous  character  of  European  soils. 
Two  recent  European  works  have  been  republished  in  the  T/nited  States, 
which,  on  soils  and  calcareous  manures  especially,  are  more  full  and  satis- 
factory than  any  which  had  previously  reached  me.  One  is  Boussingault's 
"  Rural  Economy,  in  its  relations  with  Chemistry,  &c.,  &c^"  This  volume 
was  first  published  in  thiscountry  in  1845  (byAppleton,  &Co.,  N.  Y.),  from 
the  English  translation  and  first  edition.  There  is  no  date  given  to  show 
the  time  of  publication  of  the  original  work  in  French,  nor  of  the  English 
translation.  But  both  were  manifestly  very  recent;  and  probably  neither 
had  been  introduced  or  was  accessible  in  this  country  before  the  American 
edition  appeared.  As  there  is  contained  a  reference  to  analyses  of  all  the 
crops  made  in  1841  on  tlje  author's  farm,  in  which  "long  and  tedious 
labour"  he  "spent  nearly  a  whole  year,"  the  original  work  could  not  have 
been  prmted  before  the  close  of  1842,  even  if  so  early.  .The  author  be- 
sides being  one  of  the  most  profound  and  able  of  modem  chemists '  and 
who  has  directed  much  research  to  agricultural  chemistry,  was  also  a  prac- 
tical farmer,  on  a  scale  of  operations  sufacient  to  inform  him  how  to  pro- 
perly direct  his  scientific  investigations.  Therefore,  many  of  his  subiects 
and  reported  results  are  fuU  of  instruction,  and  doubtless  are  to  be  reUed 
on  as  among  the  latest  and  most  certain  lights  and  truths  yet  derived  from 
applying  chemistry  to  agriculture.     The  other  work  referred  to  above  is 
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Proposition  2  — continued. 

The  certainty  of  any  results  of  chemical  analysis  would  be 
doubted  by  most  persons  who  have  paid  no  attention  to  the  means 
employed  for  such  operations ;  and  their  incredulity  will  be  the 
more  excusable,  when  such  results  are  reported  by  one  knowing 
very  little  of  the  science  of  chemistry,  and  whose  limited  know- 
ledge was  gained  without  aid  or  instruction,  and  was  sought  solely 
with  the  view  of  pursuing  this  investigation.  Appearing  under 
such  disadvantages,  it  is  therefore  the  more  incumbent  on  me  to 
show  my  claim  to  accuracy,  or  to  so  explain  my  method  as  to  ena- 

Johuston's  "Lectures  on  the  Applications  of  Chemistry  and  Geology  to 
Agriculture,"  which  was  first  published,  complete  in  four  parts,  in  London 
in  1844.  But  as  the  earlier  parts  had  been  published  in  succession,  I  had 
been  able  to  see  the  first  three  at  the  close  of  1843.  The  third  part  con- 
tains the  author's  views  and  compilation  of  facts,  chemical  and  agricultural, 
of  lime,  as  a  constituent  of  soils  and  as  manure.  On  these  subjects,  he  is 
more  full  of  information  than  any  or  all  preceding  authors,  because  able  to 
draw  from,  compare,  and  decide  upon  the  views  of  all  his  predecessors, 
with  the  aid  of  the  latest  information  as  to  European  scientific  research 
and  agricultural  practices  and  results — and  which  advantages  seem  to  have 
been  used  generally  with  ability  and  discretion. 

It  appears  from  both  Boussinganlt's  and  Johnston's  works,  that  the  new 
and  still  very  defective  science  of  agricultural  chemistry  no  longer  labours 
under  some  of  the  grossest  defects  and  errors  which  were  indirectly  and 
justly  charged  in  my  remarks  above ;  or  is  liable  to  the  formerly  just 
censure  there  indicated,  as  will  appear  in  the  course  of  this  essay.  It  is  not 
now  left  to  be  inferred,  as  before,  that  all  or  nearly  all  soils  of  England 
and  France  contain  carbonate  of  lime ;  and  the  errors  of  the  process  of 
analyzing  soils,  used  by  Davy,  and  all  other  chemists,  previous  to  a  very 
recent  time,  are  pointed  out,  which  errors  led  to  the  erroneous  conclusion 
that  carbonate  of  lime  is  almost -universally  present  in  soils.  These  two 
authors  state  many  particular  soils,  as  well  as  classes  of  soils  by  inference, 
which  contain  not  a  trace  of  lime  in  the  state  of  carbonate,  as  I  had  before 
declared,  in  opposition  to  all  the  then  existing  authority,  to  be  the  case 
with  nearly  aU  the  soUs  of  our  Atlantic  states.  But  stUl,  after  removing 
this  obscurity,  it  appears  manifest  from  the  many  reported  contents  of 
soils  given  by  Boussingault,  Johnston,  and  Liebig,  that  soils  containing 
carbonate  of  lime,  and  usually  in  large  proportions,  are  very  general  in 
Europe,  so  far  as  investigation  has  gone ;  in  this  respect  confirming  my 
own  previous  inferences,  as  stated  above. 

Some  of  the  statements  of  these  latest  and  ablest  authorities,  which  now 
offer  confirmatory  testimony  for  my  formerly  unsupported  and  novel 
opinions,  will  be  quoted  in  notes,  or  otherwise,  on  proper  occa&ions. — 1849.] 
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ble  others  to  detect  its  errors,  if  any  exist.  To  analyze  a  specimen 
of  soil  completely,  requires  an  amount  of  scientific  acquirement 
and  practical  skill  to  which  I  make  no  pretension.  But  merely  to 
ascertain  the  absence  of  calcareous  earth  (or  carbonate  of  lime), 
or,  if  present,  to  find  its  quantity,  requires  Dut  little  skill,  and  less 
science. 

The  methods  recommended  by  different  agricultural  chemists  for 
ascertaining  the  proportion  of  calcareous  earth  in  all  soils,  agree  in 
all  material  points.  Their  process  will  be  described,  and  made  as 
plain  as  possible.  A  specimen  of  soil  of  convenient  size  is  dried, 
pounded,  and  weighed,  and  then  thrown  into  muriatic  acid  diluted 
with  three  or  four  times  its  quantity  of  water.  The  acid  combines  with, 
and  dissolves  the  lime  of  the  calcareous  earth,  and  its  other  ingre- 
dient, the  carbonic  acid,  being  disengaged,  rises  through  the  liquid 
in  the  form  of  gas,  or  air,  and  escapes  with  effervescence.  After 
the  mixture  has  been  well  stirred,  and  has  stood  until  all  effer- 
vescence is  over  (the  fluid  still  being  somewhat  acid  to  the  taste,  to 
prove  that  enough  acid  had  been  used,  by  some  excess  being  left), 
the  whole  is  poured  into  a  piece  of  blotting  paper,  folded  so  as  to 
fit  within  a  glass  funnel.  The  fluid  containing  the  dissolved  lime 
passes  through  the  paper,  leaving  behind  the  clay  and  silicious 
sand,  and  any  other  solid  matter ;  over  which,  pure  water  is  poured 
and  passed  off  several  times,  so  as  to  wash  off  all  remains  of  the 
dissolved  lime.  These  filtered  washings  are  added  to  the  solution, 
to  all  of  which  is  then  poured  a  solution  of  carbonate  of  potash. 
The  two  dissolved  salts  thus  thrown  together  (muriate  of  lime, 
composed  of  muriatic  acid  and  lime,  and  carbonate  of  potash,  com- 
posed of  carbonic  acid  and  potash),  immediately  decompose  each 
other,  and  form  two  n'ew  combinations.  The  muriatic  acid  leaves 
the  lime,  and  combines  with  the  potash,  for  which  it  has  a  stronger 
attraction — and  the  muriate  of  potash  thus  formed,  being  a  soluble 
salt,  remains  dissolved  and  invisible  in  the  water.  The  lime  and 
oarbonic  acid  being  in  contact,  when  let  loose  by  their  former  part- 
ners, instantly  unite,  and  form  carbonate  of  lime,  or  calcareous 
earth,  which,  being  insoluble,  falls  to  the  bottom.  This  precipitate 
is  then  separated  by  filtering  paper,  is  washed,  dried  and  weighed, 
and  thus  shows  the  proportion  of  carbonate  of  lime  contained  in 
the  soU.* 

In  this  process,  the  carbonic  acid  which  first  c'omposed  part  of 
the  calcareous  earth,  escapes  into  the  air,  and  another  supply  is 
afterwards  furnished  from  the  decomposition  of  the  carbonate  of 
potash.  But  this  change  of  one  of  its  ingredients  does  not  alter 
the  quantity  of  the  calcareous  earth,  which  is  always  composed  of 

*  More  full  directions  for  the  analysis  of  soils  may  he  found  in  Kirwan's 
Essay  on  Manures,  Eozier'e  Cours  Complet,  &c.,  and  Davy's  Agricultural 
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•certain  invariable  proportions  of  its  two  component  parts;  and 
when  all  the  lime  has  been  precipitated  as  above  directed,  it  will 
necessarily  be  combined  with  precisely  its  first  quantity  of  carbonic 
acid. 

This  operation  is  so  simple,  and  the  means  for  conducting  it  so 
easy  to  obtain,  that  it  will  generally  be  the  most  convenient  mode 
for  finding  the  proportion  of  calcareous  earth  in  those  manures 
that  are  known  to  contain  it  abundantly,  and  where  an  error  of  a 
few  grains  cannot  be  very  material.  But  if  a  very  accurate  result 
is  necessary,  this  method  will  not  serve,  on  account  of  several 
causes  of  error  which  always  occur.  Should  no  calcareous  earth  be 
present  in  asoil  thus  analyzed,  the  muriatic  acid  will  take  up  a 
small  quantity  of  aluminous  earth,  which  will  be  precipitated  by 
the  carbonate  of  potash,  and  without  further  investigation,  would 
be  considered  as  so  much  calcareous'  earth.  And  if  any  compounds 
of  lime  and  vegetable  acids  are  present  (which,  for  reasons  hereafter 
to  be  stated,  I  believe  to  be  not  uncommon  in  soils),  some  portion 
of  these  may  be  dissolved,  and  appear  in  the  result  as  carbonate  of 
lime,  though  not  an  atom  of  that  substance  was  in  the  soil.  Thus, 
every  soil  examined  by  this  method  of  solution  and  precipitation 
will  yield  some  small  result  of  what  would  appear  as  carbonate  of 
lime,  though  actually  destitute  of  that  ingredient.  The  inaccura- 
cies of  this  method  were  no  doubt  known  (though  passed  over 
without  notice)  by  Davy,  and  other  men  of  science  who  have 
recommended  its  use;  but  as  they  considered  calcareous  earth 
merely  as  one  of  the  earthy  ingredients  of  soil,  operating  me- 
chanically (as  do  sand  and  clay),  on  the  texture  of  the  soil,  they 
would  scarcely  suppose  that  a  difference  of  a  grain  or  two  could 
materially  afiect  the  practical  value  of  an  analysis,  or  the  character 
of  the  soil  under  examination.* 

The  pneumatic  apparatus  proposed  by  Davy,  as  another  means 
for  showing  the  proportion  of  calcareous  earth  in  soils,  is  liable  to 
none  of  these  objections;  and  when  some  other  causes  of  error, 
peculiar  to  this  method,  are  known  and  guarded  against,  its  accu- 
racy is  almost  perfect,  in  ascertaining  the  quantity  of  calcareous 
earth — to  which  substance  alone  its  use  is  limited. 

*  "Chalks,  calcaTeoua  maris,  or  powdered  limestone,  act  merely  by  formr 
ing  a  useful  earthy  ingredient  in  the  soil,  and  their  efficacy  is  proportioned 
to  the  deficiency  of  calcareous  matter,  which  in  larger  or  smaller  quantities 
aeema  to  be  an  essential  ingredient  of  all  fertile  soils;  necessary  perhaps  to 
their  proper  texture,  and  as  an  ingredient  in  the  organs  of  plants."  [Da- 
vy's Agr.  Chem.  page  21 — and  further  on  he  says]  "Chalk  and  marl  or 
carbonate  of  lime  only  improve  the  texture  of  a  soil,  or  its  relation  to  absorp- 
tion; it  acts  merely  as  one  of  its  earthy  ingredients."  [It  is  evident,  from  these 
expressions,  that  Davy  considered  calcareous  earth  important  only  as  a 
physical  constituent  of  soils ;  and  it  does  not  appear  that  he  had  any  con- 
ception of  its  far  more  important  and  useful  service,  in  very  minute  pro- 
portions, as  a  chemical  agent,  essential  to  fertilization.] 
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The  following  representation  and  description  will  make  the  ope- 
ration quite  clear : 


"  A,  B,  C,  D,  E,  represent  tie  different  parts  of  this  apparatus.  A  repre- 
sents the  bottle  for  reoeiving  the  soil.  B  the  bottle  containing  the  acid, 
furnished  with  a  stop-cock.  C  the  tube  connected  with  a  flaccid  bladder. 
D  the  graduated  measure.  E  the  bottle  for  containing  the  bladder.  When 
this  instrument  is  used,  a  given  quantity  of  soil  is  introduced  into  A.  B 
is  filled  with  muriatic  acid  diluted  with  an  equal  quantity  of  water ;  and 
the  stop-cock  being  closed,  is  connected  with  the  upper  orifice  of  A,  which 
is  ground  to  receive  it.  The  tube  C  is  introduced  into  the  lower  orifice  of 
A,  and  the  bladder  connected  with  it  placed  in  its  flaccid  state  into  E, 
which  is  fiUed  with  water.  The  graduated  measure  is  placed  under  the 
tube  of  E.  When  the  stop-cock  of  B  is  turned,  the  acid  flows  into  A,  and 
acts  upon  the  soil ;  the  elastic  fluid  generated  passes  through  C,  into  the 
bladder,  and  displaces  a  quantity  of  water  in  E  ejjual  to  it  in  bulk,  and 
this  water  flows  through  the  tube  into  the  graduated  measure ;  and  gives 
by  its  volume  the  indication  of  the  proportion  of  carbonic  acid  disengaged 
from  the  soil ;  for  every  ounce  measure  of  which  two  grains  of  carbonate 
oflime  may  be  estimated." — Davy's  Agr.  Chem. 

The  correctness  of  this  mode  of  analysis  depends  on  two  well- 
established  facts  in  chemistry :  1st,  That  the  component  parts  of 
calcareous  earth  always  bear  the  same  proportion  to  each  other,  and 
these  proportions  are  as  43.7  parts  (by  weight)  of  carbonic  acid,  to 
56.3  of  lime;  and,  2d,  That  the  carbonic  acid  gas  which  two  grains 
of  calcareous  earth  will  yield,  is  equal  in  bulk  to  one  ounce  of  fresh 
water.  The  process,  with  the  aid  of  this  apparatus,  disengages, 
confines,  and  measures  the  gas  evolved ;  and  for  every  measure 
equal  to  the  bulk  of  an  ounce  of  water,  the  operator  has  but  to 
allow  two  grains  of  calcareous  earth  in  the  soil  acted  on.  It  is 
evident  that  the  result  can  indicate  the  presence  of  lime  in  no  other 
combination  except  that  which  forms  calcareous  earth ;  nor  of  any 
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other  earth,  except  carbonate  of  magnesia,  which,  if  present,  might 
be  mistaken  for  calcareous  earth,  but  which  is  too  rare,  and  occurs 
in  proportions  too  smaU,  to  cause  any  material  error  in  ordinary 
cases,  and  in  soils  of  this  region. 

But  if  it  be  only  desired  to  know  whether  calcareous  earth  is 
entirely  wanting  in  any  soil — or  to  test  the  truth  of  my  assertion 
that  so  great  a  proportion  of  our  soils  are  destitute  of  that  earth 
— it  may  be  done  with  far  more  ease  than  by  either  of  the  forego- 
ing methods,  and  without  apparatus  of  any  kind.  Let  a  handful 
of  the  soil  (without  drying  or  weighing)  be  thrown  into  a  large 
drinking-glass,  containing  enough  of  pure  water  to  cover  the  soil 
about  two  inches.  Stir  it  until  all  the  lumps  have  disappeared, 
and  the  water  has  certainly  taken  the  place  of  all  the  atmospheric 
air  which  the  soil  had  enclosed.  Remove  any  vegetable  fibres,  or 
froth,  from  the  surface  of  the  liquid,  so  as  to  have  it  clear.  Then 
pour  in  gently  about  a  table  spoonful  of  undiluted  muriatic  acid, 
which  by  its  greater  weight  will  sink,  and  penetrate  the  soil,  with- 
out any  agitation  being  necessary  for  that  purpose.  If  any  calca- 
reous earth  is  present,  it  will  quickly  begin  to  combine  with  the 
acid,  throwing  off  its  carbonic  acid  in  gas,  which  cannot  fail  to  be 
observed  as  it  escapes,  as  the  gas  that  eight  grains  only  of  calca- 
reous earth  would  throw  out,  would  be  equal  in  bulk  to  a  gill 
measure.  Indeed,  the  product  of  a  single  grain  only  of  calcareous 
earth  would  be  abundantly  plain  to  the  eye  of  the  careful  operator, 
though  it  might  be  the  whole  amount  of  gas  from  two  thousand 
grains  of  soil.  If  no  effervescence  is  seen  even  after  adding  more 
acid  and  gently  stirring  the  mixture,  then  it  is  absolutely  certain 
that  the  soil  contained  not  the  smallest  portion  of  carbonate  of 
lime ;  nor  of  carbonate  of  magnesia,  the  only  other  substance  which 
could  possibly  be  mistaken  for  it. 

The  examinations  of  all  the  soils  that  will  be  here  mentioned  were 
made  in  this  pneumatic  apparatus,  except  some  of  those  which  evi- 
dently evolved  no  gas,  and  when  no  other  result  was  required.  As 
calcareous  earth  is  plainly  visible  to  the  eye  in  all  shelly  soils,  they 
only  need  examination  to  ascertain  its  proportion.  A  few  examples 
will  show  what  proportions  we  may  find,  and  how  greatly  they 
vary,  even  in  soils  apparently  of  equal  value. 

1.  Soil,  a  black  clayey  loam,  from  the  top  of  the  high  knoll  at 
the  end  of  Coggins  Point  [then  my  own  farm],  on  James  River,  con- 
taining fragments  of  mussel  shells  throughout.  Never  manured, 
and  supposed  to  have  been  under  scourging  cultivation  and  close 
grazing  from  the  first  settlement  of  the  country  j  then  (1818)  ca- 
pable of  producing  twenty-five  pr  thirty  bushels  of  corn — and  the 
soil  well  suited  to  wheat.  One  thousand  grains,  cleared  by  a  fine 
sieve  of  all  coarse  shelly  matter  (as  none  can  act  on  the  soil  until 
minutely  divided),  yielded  sixteen  ounce  measures  of  carbonic  acid 
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gas,  whieh  showed  the  finely  divided  calcareous  earth  to  be  thii-ty- 
two  grains. 

2.  One  thousand  grains  of  similar  soil  from  another  part  of  the 
same  field,  treated  in  the  same  manner,  gave  twenty-four  grains  of 
finely  divided  calcareous  earth. 

3.  From  the  east  end  of  a  small  island,  at  the  end  of  Goggins 
Point,  surrounded  by  the  river  and  tide  marsh.  Soil,  dark  brown 
loam,  much  lighter  than  the  preceding  specimens,  though  not 
sandy — under  hke  exhausting  cultivatidn — ^^then  capable  of  bring- 
ing thirty  to  thirty-five  bushels  of  com — not  a  good  wheat  soil, 
ten  or  twelve  bushels  being  probably  a  full  crop.  One  thousand 
grains  yielded  eight  grains  of  coatse  Shelly  matter,  and  eighty-two 
of  finely  divided  calcareous  earth; 

4.  From  a  small  spot  of  sandy  soil,  almost  bare  of  vegetation, 
and  incapable  of  producing  any  grain,  though  in  the  midst  of  very 
rich  land,  and  cleared  but  a  few  years.  Some  small  fragments  of 
fossil  sea-shells  being  visible,  proved  this  barren  spot  to  be  calca- 
reous, which  induced  its  examination.  Four  hundred  grains  yielded 
eighty-seven  of  calcareous  earth — nearly  twenty4wo  per  cent. 
This  super-calcareous  soil  was  afterwards  dug  and  carried  out  as 
manure.  [It  is,  in  fact,  the  upper  layer  of  a  bed  of  fossil-shell 
earth,  the  shells  there  being  entirely  disintegrated  and  invisible.]  ' 

5.  Black  friable  loam,  from  Indian  Fields,  on  York  Kiver.  The 
soil  was  a  specimen  of  a  field  of  considerable  extent,  mixed  through- 
out with  oyster  shells.  Though  light  and  mellow,  the  soil  did  not 
appear  to  be  sandy.  Rich,  durable,  and  long  under  exhausting 
cultivation. 

1260  grains  of  soil  yielded 
168     —    of  coarse  shelly  matter,  separated  mechanically, 
8     —    finely  divided  calcareous  earth. 
The  remaining  solid  matter,  carefully  separated  (by  agitation  and 
settling  in  water),  consisted  of    .  • 

130  grains  of  fine  clay,  black  with  putrescent  matter,  and  which 
lost  more  than  one-fourth  of  its  weight  by  being  ex- 
posed to  a  red  heat, 
white  sand,  moderately  fine, 

—  very  fine  sand, 

—  lost  in  the  process. 
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6.  Oyster  shell  soil,  of  the  best  quality,  from  the  farm  of  Wills 
Cowper,  Esq.,  on  Nansemond  River — ^never  manured,  and  supposed 
to  have  been  cultivated  in  corn  as  often  as  three  years  in  four,  since 
the  first  settlement  of  the  country — now  yields  (by  actual  mea- 
surement) thirty  bushels  of  corn  to  the  acre — ^but  is  very  unproduc- 
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trrh  in  wheat.     A  specimen  taken  froni  the  sftrfa'ce,  to  the  depth 
of  six  inches,'  weighed  altogether 
242  dwt.,  which  consisted  of 

126    —    of  shells  and  their  fragments^  separated  by  the  sieve, 

116    —    remaining  finely  divided  soil. 
Of  the,  finely  divided  part,  500  grains  conaisted  of 

,  18  grains  of  carbonate  of  lime,    ; 

330     —    silicious  sand — none  very  coarse, 
94     —    impalpable  aluminous  and  silieious  earth, 
35    —    putrescent  vegetable  matter — none  coarse  or  unrotted, . 
23    —    loss. 
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It  is  unnecessary  to  cite  any  particular  trials  of  oar  poor  soils, 
as-it  has  been  stated,  in  the  preceding  chapter,  that  all  are  entirely 
destitute  of  calcareous  earth-^seluditig  the  rare,  but  well  marked 
exceptions  of  its  great  excess,  of  which  an  example  has  been  given 
in  the  Soil  marked  4,  in  the  foregoing  examinations- 

Unless  then  I  am  mistaken  in  supposing  that  these  facts  are 
universally  true,  the  certain  results  of  chemical  analysis,  as  well 
as  more  extended  general  observation,  completely  establish  these 
general  rules— viz.  : 

Is*.  That  all  calcareous  soils  are  naturally  fertile  and  durable 
itf,  a,  very  high  degree — and, 

2d,  That  all  soils  naturally  poor  are  entirely  destitute  of  calca- 
reous earth. 

It  then  can  scarcely  be  denied  that  calcareous  earth  must  be  the. 
cause  of  the  fertility  of  the  one  class  of  soils,  and  that  the  want 
of  it  produces  the  poverty  of  the  other.  Qualities  that  always 
thus  accompany  each  other  cannot  be  otherwise  than  cause  and  effect. 
M  further  proof  is  wanting,  it  can  be  safely  promised  to  be  fur- 
nished when  the  practical  application  of  calcareous  manures  to 
poor  soils  vrill  be  treated  of,  and  the  effects  stated.  . 

;  These :  deductions  are  then  established  as  to  all  calcareous  soils, 
and  all:  poor  soils — which  two  classes  comprise  nine-tenths  of  all. 
This  alone  would  open  a  wide  field  for  the  practical  exercise  of  the . 
truths  we  have  reached.  But  still  there  remain  strong  objections 
and  stubborn  facts  opposed  to  the  complete  proof  and  universal 
applicaition  of  the  proposition  now  under  consideration,  and  conse- 
qviently  to  the  theory  which  that  proposition  is  intended  to  support., 
The  whole  diflSculty  will  be  apparent  at  once  when  I  now  proceed; 
to  state  that  nearly  all  of  our  best  soils,  such  as  are  very  little  if 
!^t  all  inferior  in  value  to  the  small  portion  of  shelly  lands,  are  as 
destitute  of  calcareous  earth  (carhqndte  of  lime)  as  the  poorest.  So 
far  as  I  have  examined,  this  deficiency  is  no  less  general  in  the 
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richest  alluvial  lands  of  the  upper  country— and,  what  will  be 
deemed  by  some  as  incredible,  by  far  the  greater  part  of  the  rich 
limestone  soils  between  the  Blue  Eidge  and  Alleghany  Mountains 
are  equally  destitute  of  calcareous  earth.  These  facts  were  not 
named  before,  to  avoid  embarrassing  the  discussionof  other  points 
— nor  can  they  now  be  explained,  and  reconciled  with  my  proposi- 
tion, except  through  a  circuitous  and  apparently  (Mgressive  course 
of  reasoning.  They  have  not  been  kept  out  of  view,  nor  slurred 
over,  to  weaken  their  force,  and  are  now  presented  in  all  their 
strength.  These  difficulties  will  be  considered,  and  removed,  in 
the  following  chapters. 


CHAPTER  VI. 

CHEMICAL  EXAMINATION   OF  RICH  SOILS  CONTAINING  NO  CALCA- 
REOUS EARTH. 

Proposition  2 — continued. 

Under  common  circumstances,  when  any  disputant  admits  facts 
that  seem  to  contradict  his  own  reasoning,  such  admission  is 
deemed  abundant  evidence  of  their  existence.  But  though  now 
placed  exactly  in  this  situation,  the  facts  admitted  by  me  are  so 
opposed  to  all  that  scientific  agriculturists  have  taught  us  to  expect, 
that  it  is  necessary  for  me  to  show  the  grounds  on  which  my  ad- 
mission rests.  Few  would  have  believed  in  the  absence  of  calca- 
reous earth  in  all  our  poor  soils,  forming  as  they  do  the  much 
larger  part  of  all  this  region — and  far  more  strange  is  it  that  the 
same  deficiency  should  extend  to  such  rich  soils  as  some  that  will 
be  here  cited. 

The  following  specimens,  taken  from  well  known  and  very  fertile 
soils,  were  found  to  contain  no  calcareous  earth.  Many  trials  of 
other  rich  soils  have  yielded  like  results — and,  indeed,  I  have 
never  found  _  calcareous  earth  in  any  soil  below  the  falls  of  the 
rivers,  in  which,  or  near  which,  some  particles  of  shells  were  not 
visible. 

1.  Soil  from  Eppes'  Island,  which  lies  in  Powhatan,  or  James- 
river,  near  City  Point;  light  and  friable  (but  not  sandy)  brown 
loam,  rich  and  durable.  The  surface  is  not  many  feet  above  the 
highest  tides,  and,  like  most  of  the  best  river  lands,  this  tract 
seems  to  have  been  formed  by  alluvion  many  ages  ago,  but  which 
may  be  termed  recent,  when  compared  to  the  general  formation  of 
the  tide-water  district. 


EICH  RIVER  AND  LIME-STONE   SOILS.  63 

2.  Black  silicious  loam  from  the  celebrated  lands  on  Back  river, 
near  Hampton. 

3.  Soil  from  rich  laijd  on  Pocoson-river,  York  county. 

4.  Black  clay  vegetable  soil,  from  a  fresbr water  tide  marsh  on 
James  river — formed  by  recent  alluvion. 

5.  Alluvial  soil  of  first-rate  fertility  above  the  falls  of  James 
river — dark  brown  clay  loam,  from  the  valuable  and  extensive 
body  of  bottom  land  belonging  to  General  J.  H.  Cocke,  of  Flu- 
vanna. 

The  most  remarkable  facts  of  the  absence  of  calcareous  e^rth 
are  to  be  found  in  the  lime-stone  soils,  between  the  Blue  Eidge 
and  Alleghany  Mountains.  Of  these,  I  will  report  all  that  I  have 
examined ;  and  none  contained  any  calcareous  earth,  unless  when 
the  contrary  will  be  stated. 

Before  the  first  of  these  trials  was  made,  I  supposed  (as  proba- 
bly most  other  persons  do)  that  lime-stone  soil  was  necessarily 
calcareous,  and  in  a  high  degree.  It  is  difficult  to  get  rid  of  this 
impression  entirely — and  it  may  seem  a  contradiction  in  terms  to 
say  that  a  lime-stone  soil  is  not  calcareous.  This  I  cannot  avoid. 
I  must  take  the  term  lime-stone  soil  as  custom  has  already  fixed  it. 
But  it  should  not  be  extended  to  any  soils  except  those  which  are 
so  near  to  lime-stone  rock,  as  in  some  measure  to  be  thereby  affected 
in  their  qualities  and  value. 

1  to  6.  Lime-stone  soils  selected  in  the  neighbourhood  of  Lex- 
ington, Virginia,  by  Professor  G-raham,  with  the  view  of  enabling 
me  to  investigate  this  subject.  All  the  specimens  were  from  first- 
rate  soils,  except  one,  which  was  from  land  of  inferior  value.  One 
of  the  specimens,  Mr.  Graham's  description  stated  to  be  "  taken 
from  a  piece  of  land  so  rocky  [with  lime-stone]  as  to  be  unfit  for 
cultivation,  at  least  with  the  plough.  I  could  scarcely  select  a 
specimen  which  I  would  expect  to  be  more  strongly  impregnated 
with  calcareous  earth."  This  specimen,  by  two  separate  trials, 
yielded  only  one  grain  of  calcareous  earth,  from  one  thousand  of 
soil.  The  other  five  soils  contained  none.  The  same  result  was 
obtained  from 

7.  A  specimen  of  alluvial  land  on  North  river,  near  Lexington. 

8.  Brown  loam  from  the  Sweet  Spring  valley,  remarkable  for  its 
extraordinary  productiveness  and  durability.  It  is  of  alluvial  for- 
mation, and  before  it  was  drained,  must  have  been  often  covered 
and  saturated  by  the  Sweet  Spring  and  other  mineral  waters,  which 
hold  lime  in  solution.  [The  carbonate  of  lime  dissolved  in  these 
waters  is  so  abundant,  and  so  readily  parted  with,  that  it  is  depo- 
sited on  every  twig  that  is  exposed  therein,  forming  rapidly  grow- 
ing incrustations.]  The  surrounding  high  land  is  of  lime-stone 
soil.  Of  this  specimen,  taken  from  about  two  hundred  yards  be« 
low  the  Sweet  Spring,  from  land  long  cultivated  every  year,  three 
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hundred  and  sixty  grains  yielded  not  a  particle  of  calcareous  earth. 
It  contained  an  unusually  large  proportion  of  oxide  of  iron,  though 
my  imperfect  means  enabled  me  to  separate  and  collect  only  eight 
grains,  the  process  evidently  wasting  several  more.  ^ 

About  a  mile  lower  down,  drains  were  then  making  (in  1826)  to, 
reclaim  more  of  this  rich  valley  from  the  overflowing  waters. 
Another  specimen  Was  taken  from  the  bottom  of  a  ditch  just 
opened,  eighteen  inches  below  the  surface.  It  was  a  black  loam, 
and  exhibited  to  the  eye  some  very  diminutive  fresh-water  spiral 
shells,  about  one-tenth  of  an  inch  in  length,  and  many  of  their 
broken  fragments.  This  gave,  from  two  hundred  grains,  seventy-four 
of  calcareous  earth.  But  this  cannot  fairly  be  placed  on  the  same 
footing  with  the  other  soils,  as  it  had  obviously  been  once  the  bot- 
tom of  a  stream,  or  lake,  and  the  collection  and  deposit  of  so  large 
and  unusual  a  proportion  of  calcareous  matter  seemed  to  be  of  ani- 
mal formation.  Both  these  specimens  were  selected  at  my  request 
by  one  of  our  best  farmers,  and  who  also  furnished  a  written 
description,  of  the  soils,  and  their  situation. 

9.-  Wood-land,  west  of  Union,  Monroe  county.  Soil,  a  black 
clay  loam,  lying  on,  but  not  intermixed  at  the  surface  with  linle- 
stone  rock.  Sub-soil,  yellowish  clay.  The  rock  at  this  place,  a 
foot  below  the  surface.  Principal  growth,  sugar  maple,  white  wal- 
nut, and  oak.  This  and  the  next  specimen  are  from  one  of  the 
richest  tracts  of  high  land' that  I  have  seen. 

10.  Soil  similar  to  the  last,  and  about  two  hundred  yards  distant. 
Here  the  lime-stone  showed  above  the  surface,  and  the  specimen 
was  taken  from  between  two  large  masses  of  fixed  rock,  and  about 
a  foot  distant  from  each. 

11.  Black  rich  soil,  from  wood-land  between  the  Hot  and  Warm 
Springs,  in  Bath  county.  The  specimen  was  part  of  what  was  in 
contact  with  a  mass  of  lime-stone. 

12.  Soil  from  the  western  foot  of  the  Warm  Spring  mountain, 
on  a  gentle  slope  between  the  court-house  and  the  road,  and  about 
pne,  hundred  and  fifty  yards  from  the  Warm  Bath.  Rich  browfl 
loam,  containing  many  small  pieces  of  lime-stone,  but  no  finely 
divided  calcareous  earth. 

13.,  A  specimen  taken  two  or  three  hundred  yards  from  the  last, 
and  also  at  the  foot  of  the  mountain.  Soil,  a  rich  black  loam,  fuU 
of  small  fragments  of  lime-stone  of  difi'erent  sizes,  between  that 
of  a  nutmeg  and  small  shot.  The  land  had  never  been  broken  up 
for  cultivation.  One  thousand  grains  contained  two  hundred  and 
forty  grains  of  small  stone  or  gravel,  mostly  lime-stone,  separated 
mechanically,  and  sixty-nine  grains  of  finely  divided  calcareous 
earth. 

14.  Black  loamy  clay,  from  the  excellent  wheat  soil  adjoining 
the  town  of  Bedford,  in  Pennsylvania :  the  specimen  taken  from 
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beneath   and  in  contact  with  lime-stone.     One  thousand  grains 
yielded  less  than  one  grain  of  calcareous  earth. 

15.  A  specimen  from  within  a  few  yards  of  the  last,  but  not  in 
contact  with  lime-stone,  contained  no  calcareous  earth ;  neither  did 
the  red  clay  sub-soil,  six  inches  below  the  surface. 

16.  Very  similar  soil,  but  much  deeper,  adjoining  the  principal 
street  of  Bedford — the  specimen  taken  from  eighteen  inches  below 
the  surface,  and  adjoining  a  mass  of  lime-stone.  A  very  small 
disengagement  of  gas  indicated  the  presence  of  calcareous  earth — 
but  certainly  less  than  one  grain  in  one  thousand,  and  perhaps  not 
half  that  quantity. 

17.  AUuvial  soil  on  the  Juniata,  adjoining  Bedford. 

18.  Alluvial  vegetable  soil  near  the  stream  flowing  from  all  the 
Saratoga  Mineral  Springs,  and  necessarily  often  covered  and  soaked 
by  those  waters,  and 

19.  Soil  taken  from  the  bed  of  the  same  stream — ^neither  con- 
tained any  portion  of  carbonate  of  lime. 

Thus  it  appears  that  of  these  nineteen  specimens  of  soils,  only 
four  contained  calcareous  earth,  and  three  of  these  four  in  exceed- 
ingly small  proportions.  It  should  be  remarked  that  all  these 
were  selected  from  situations  which,  from  their  proximity  to  calca- 
reous rock,  or  exposure  to  calcareous  waters,  were  supposed  most 
likely  to  present  highly  calcareous  soils.  If  five  hundred  speci- 
mens had  been  taken,  without  choice,  even  from  what  are  commonly 
called  lime-stone  soils  (merely  because  they  are  not  very  distant 
from  lime-stone  rock,  or  springs  of  lime-stone  water),  the  analysis 
of  that  whole  number  would-be  less  likely  to  show  calcareous 
earth,  than  the  foregoing  short  list.  I  therefore  feel  justified,  from 
my  own  few  examinations,  and  unsupported  by  any  other  authority, 
to  pronounce  that  calcareous  earth  will  very  rarely  be  found  in  any 
soils  between  the  falls  of  our  rivers  and  the  navigable  western 
waters.*  In  a  few  specimens  of  some  of  the  best  soils  from  the 
borders  of  the  Mississippi  and  its  tributary  rivers,  I  have  since 
found  calcareous  earth  present  in  all — but  in  very  small  propor- 
tions, and  in  no  case  exceeding  two  per  cent. 

[When  the  total  deficiency  of  carbonate  of  lime,  in  nearly  all  the 
soils  of  Virginia,  was  first  asserted,  as  above,  in  the  earliest  publi- 
cation of  this  essay  (1821,  in  American  Farmer,  vol.  iii.),  the 

[*  Recent  Confirmatory.  Testimony. — Still  more  strange  cases  of  the  total 
absence  of  (carbonate  of)  lime  have  been  stated  recently  in  Johnston's 
Agricultural  Chemistry:  "  It  is  a  fact  which  will  strike  you  as  not  a  little 
remarkable  that  soils  which  rest  upon  chalk,  as  well  as  upon  other 
lime-stone  rocks,  even  at  the  depth  of  a  few  inches  only,  are  often,  and 
especially  when  in  a  state  of  nature,  so  destitute  of  lime,  that  not  a  parti- 
cle can  be  detected  in  them."  (p.  377.)  The  author  of  course  meant  the 
carbonate  of  lime. — 1849.] 

6* 
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proposition  was'  so  entirely  new,  and  so  opposed  to  all  inferences 
from  authority  then  existing,  that  it  was  indispensably  necessary  to 
adduce  my  facts,  as  is  done  above,  to  sustain  the  otherwise  unsus- 
tained  doctrine.  And  such  support,  for  the  same  reason,  continued 
to  be  wanting  through  the  two  next  editions.  Now  (in  1842)  the 
case  is  altogether  different.  The  fact  of  the  absence  of  carbonate 
of  lime,  as  generally  as  I  had  assumed,  through  the  eastern  or 
seaward  slope  of  the  United  States,  and  especially  in  New  England, 
has  been  confirmed  by  all  the  analyses  of  soils  which  have  been 
since  made  by  Professor  Hitchcock  and  other  accurate  scientific 
investigators ;  and  the  proposition,  however  untenable  or  incredible 
it  might  have  been  deemed  before,  is  now  universally  admitted,  and 
indeed  is  placed  beyond  question  or  doubt,  as  an  important  feature 
ih  the  chemical  constitution  of  soils. — 1842.] 

[The  only  soils  of  considerable  extent  of  surface  which,  from  the 
specimens  that  I  have  examined,  appear  to  be  highly  calcareous, 
and  to  agree  in  that  respect  with  many  European  soils,  are  from 
the  prairies,  those  lands  of  the  south-west  which,  whether  rich  or 
poor,  are  remarkable  for  being  destitute  of  trees,  and  covered  with 
grass,  so  as  to  form  natural  meadows.  The  examinations  were 
made  but  recently  (in  1834),  and  are  reported  because  presenting 
striking  exceptions  to  the  general  constitution  of  soils  in  this 
country. 

20.  Prairie  soil  of  the  most  productive  kind  in  Alabama  j  a 
black  clay,  with  very  little  sand,  yet  so  far  from  being  stiff,  that  it 
becomes  too  light  by  cultivation.  This  kind  of  land  is  stated  by 
the  friend  to  whom  I  am  indebted  for  the  specimens,  to  "  produce 
corn  and  oats  most  luxuriantly — and  also  cotton  for  two  or  three 
years ;  but  after  that  time  cotton  is  subject  to  the  rust,  probably 
■from  the  then  open  state  of  the  soil,  which  by  cultivation  has  by 
that  time  become  as  light  and  as  soft  as  a  bank  of  ashes."  One 
^hundred  grains  of  the  specimen  contained  eight  of  carbonate  of 
lime.  ^  All  this  prairie  land  in  Alabama  lies  on  a  substratum  of 
what  is  there  called  "rotten  lime-stone"  (specimens  of  which  con- 
tained seventy-two  to  eighty-two  per  cent,  of  lime),  and  which 
rises  to  the  surface  sometimes,  forming  the  "bald  prairies,"  a  sam- 
ple of  the  soil  of  which  (21)  contained  fifty-nine  per  cent,  of  car- 
bonate of  lime.  This  was  described  as  "  comparatively  poor — 
neither  trees  nor  bushes  grow  there,  and  only  grass  and  weeds  be- 
fore cultivation — corn  does  not  grow  well — small  grain  better — 
;and  cotton  soon  becomes  subject  to  the  rust."  The  excessive  pro- 
■portion  of  calcareous  earth  is  evidently  the  cause  of  its  barrenness. 
'The  substratum  called  lime-stone  is  soft  enough  to  be  cut  easily 
and  smoothly  with  a  knife,  and  some  of  it  is  in  appearance  and 
texture  more  like  the  chalk  of  Europe,  than  any  other  earth  that 
1  have  seen  in  this  country. 
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22.  A'specimen  of  the  very  rich  "cane  brake"  lands  in  Marengo 
county,  Alabama,  contained  sixteen  per  cent,  of  carbonate  of  lime. 
This  is  a  kind  of  prairie,  of  a  wetter  nature,  from  the  winter  rains 
ndt  being  able  to  run  off  from  the  level  surface,  nor  to  sink  through 
the  tenacious  clay  soil,  and  the  solid  stratum  of  lime-stone  below. 

23.  A  Specimen  from  the  very  extensive  "Choctaw  Prairie''  in 
Mississippi,  of  celebrated  fertility,  yielded  thirteen  per  cent,  of 
carbonate  of  lime. 

Several  other  specimens  of  different,  but  all  of  very  fertile  soils 
from  southern  Alabama,  and  all  lying  over  the  substratum  of  soft 
lime-stone,  were  found  to  be  neAitral,  containing  not  a  particle  of 
lime  in  the  form  of  carbonate.    These  specimens  were  as  follows : 

24.  One  from  the  valley  cane  land — "very  wet  through  the 
winter,  but  always  dry  in  summer — and  after  being  ditched  is  dry 
enough  to  be  cultivated  in  cotton,  which  will  grow  from  eight  to 
twelve  feet  high,"  i 

25.  Another  from  what  is  called  the  best  "  post-oak  land,"  on 
which  trees  of  that  kind  grow  to  the  siae  of  from  two  to  four  feet 
in  diameter — having  but  little  underwood,  and  no  cane  growth — 
"  thought  to  be  nearly  as  rich  as  the  best  cane  land,  and  will  pro- 
duce 1500  lbs.,  or  more,  of  seed  cotton,  or  fifty  bushels  of  corn  to 
the  acre," 

26.  Another  from  what  is  termed  "  palmetto  land,  having  on  it 
that  plant  as  well  as  a  heavy  cover  of  large  trees  growing  luxuri- 
antly. It  is  a  cold  and  wet  soil  before  being  brought  into  good 
tilth ;  but  afterwards  is  soft  and  easy  to  till,  and  produces  corn  and 
cotton  finely.  The  cane  on  it  is  generally  small — the  soil  from 
four  to  ten  feet  deep." 

One  more  prairie  soil  only  will  be  adduced,  from  many  analyses 
which  have  furnished  general  results  like  the  foregoing  (20  to  26) ;, 
and  this  one  is  given  because  it  serves  as  a  fair  specimen  of  a  very 
large  class  of  the  prairie  lands.  It  was  selected  by  Dr.  R.  W. 
Withers,  in  1835,  and  described  by  him  as  follows :  (Farmer^ 
Register,  vol,  iii.  p.  498.) 

27.  Soil  of  Greene  county,  Alabama,  "  from  our  open  or  iald 
prairie,  \i.  e.,  totally  without  trees,]  which  has  been  cultivated  for 
seven  or  eight  years — produces  com  very  well — nearly  fifty  bushels  to 
the  acre  are  now  standing  on  the  ground ;  but  cotton  does  not  pro- 
duce so  well  on  it  as  on  poor  sandy  soil.  I  feel  very  confident  that 
this  specimen  is  highly  calcareous,  as  there  are  many  fragments  of 
shells  mixed  with  the  soil,  and  the  rock  is  not  two  feet  from  the 
surface.  Of  all  the  specimens  hitherto  sent,  this  is  the  one  which 
will  give  the  nearest  approach  to  the  general  character  of  our  open 
prairie  land  in  this  part  of  the  country." — This  specimen  was 
found  to  contain  33  per  cent,  of  carbonate  of  lime. — 1835.] 

The  foregoing  details,  respecting  lime-stone  lands,  may  perhaps 
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be  considered  an  unnecessary  digression,  in  a  treatise  on  the  soite 
of  the  tide-water  district.  But  the  analysis  of  lime-atone  soils 
furnishes  the  strongest  e-ridence  of  the  remarkable  and_  novel  fact 
of  the  general  absence  of  calcareous  earth — and  the  information 
thence  derived  will  be  used  to  sustain  the  following  steps  of  my 
argument. 

All  the  examinations  of  soils  in  this  chapter  concur  in  opposing 
the  general  applicatibn  of  the  proposition  that  the  deficiency  of 
calcareous  earth  is  the  cause  of  the  sterility  of  our  soils.  And 
having  stated  the  objection  in  all  its  force,  I  shall  now  proceed  to 
inquire  into  its  causes,  and  endeavour  to  dispel  its  apparent  opposi- 
tion to  my  doctrine. 


CHAPTER  VII. 

PROOFS  OF  THE  EXISTENCE  OP  ACID  AND  NEUTEAL  SOILS, 

Proposition  2 — continued. 

Sufficient  evidence  has  been  adduced  to  prove  that  many  of  our 
most  fertile  and  valuable  soils  are  destitute  of  calcareous  earth. 
But  it  does  not  necessarily  follow  that  such  has  always  been  their 
composition ;  or  that  they  may  not  now  contain  enough  lime  com- 
bined with  some  other  acid  than  the  carbonic.  That  this  is  really 
the  case,  I  shall  now  offer  proofs  to  establish  j  and  not  only  main- 
tain this  position  with  regard  to  those  valuable  soils,  but  shall  con- 
tend, that  lime,  in  some  proportion,  combined  with  vegetable  acid, 
is  present  in  every  soil  capable  of  supporting  vegetation. 

But,  while  I  shall  endeavour  to  maintain  these  positions,  without 
asking  or  even  admitting  any  exception,  let  me  not  be  understood 
as  asserting  that  the  degree  of  natural  fertility  of  a  calcareous  soil 
is  in  proportion  to  the  amount  of  calcareous  earth  contained ;  or, 
that  the  knowledge  of  the  proportion  of  calcareous  earth,  or  of  lime 
in  any  form,  contained,  would  serve  to  measure  the  capacity  of  the 
soil  for  productioii  or  for  fertilization.  On  the  contrary,  chalky 
and  calcareous  soils,  not  differing  materially  in  agrieultnral  qualities 
or  fertility,  sometimes  exhibit  remarkable  differences  in  their  pro- 
portions of  calcareous  earth ;  so  that  one  soil,  having  less  than  one 
per  cent.,  may  seem  as  well  constituted  and  as  valuable  as  another 
having  ten  per  cent.,  or  more.  [The  reason  is,  that  a  very  small 
proportion  is  enough  for  the  full  chemical  action ;  and  that  any 
surplus,  even  if  not  hurtful  by  its  amount,  will  have  no  other  than 
the  comparatively  feeble  mechanical  action — which  may  even  be 
injurious,  and  in  oppositi«m  to,  and  counteracted  by  the  ehemioal 
action.} 
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Tn  all  naturally  poor  soils,  producing  freely  pine  and  wtortle- 
berry  in  their  virgin  state,  and  sheep-sorrel  after  cultivation,  I  sup- 
pose to  have  been  formed  some  vegetable  acid,  which,  after  taking 
up,  and  combining  with  whatever  small  quantity  of  lime  might 
have  been  present,  still  remains  in  excess  in  the  soil,  and  nourishes 
in  the  highest  degree  the  plants  named  above,  but  is  a  poison  to  all 
useful  crops ;  and  eflFeetually  prevents  such  <icid  soils  from  becom- 
ing rich,  by  either  natural  or  artificial  applications  of  putrescent 
sasanures. 

In  a  neutral  soil,  I  suppose  calcareous  earth  to  have  been  suffi- 
ciently abundant  at  some  former  time  to  induce  a  high  degree  of 
fertility — ^but  that  it  has  been  decom.posed,  and  the  lime  taken  up, 
by  the  gradual  formation  of  vegetable  acid,  until  the  lime  and  the 
acid  neutralize  and  balance  each  other,  leaving  no  considerable  ex- 
cess of  either ;  and  that  such  are  all  our  fertile  soils  which  are  not 
BOW  calcareous. 

Both  these  suppositions  remain  to  be  proved,  in  all  their  parts. 

No  opinion  has  been  yet  advanced  that  is  less  supported  by  good 
authority,  or  to  which  more  general  opposition  may  be  expect^,  than 
that  which  supposes  the  existence  of  acid  soils.  The  term  sour  soil 
is  indeed  frequently  used  by  farmers,  but  in  so  loose  a  manner  as 
to  deserve  no  consideration.  It  has  been  thus  applied  to  any  moist, 
cold,  and  ungrateful  land,  ^rithout  intending  that  the  term  should 
be  literally  understood,  and  perhaps  without  attaching  to  its  use 
any  precise  meaning  whatever.  Dundonald  only,  of  all  those 
who  have  applied  chemistry  to  agriculture,  has  asserted  the  exist- 
ence of  vegetable  acid  in  soils  :*  but  he  has  offered  no  analysis 
©f  soils  in  proof,  nor  any  other  evidence  to  establish  the  fact ;  and 
his  opinion  has  received  no  confirmation,  nor  even  the  slightest  no- 
tice, from  later  and  more  able  investigators  of  the  chemical  cha^ 
racters  of  soils.  Kir  wan  and  Davy  profess  to  enumerate  all  the 
common  ingredients  of  soils;  and  it  is  not  intimated  by  either 
that  vegetable  acid  is  one  of  them.  Even  this  tacit  denial  by 
Davy  more  strongly  opposes  the  existence  of  vegetable  acid,  than  it 
is  supported  by  the  opinion  of  Dundonald,  or  any  early  writers  on 
agriculture,  if  there  be  any  who  may  have  admitted  its  existence. 
[For  it  cannot"  be  supposed  that  so  able  and  profound  an  investiga- 
tor would  have  omitted  all  reference  to  an  ingredient  of  soils  so 
general,  and  therefore  so  important,  as  is  here  asserted,  even  if  its 
presence  had  been  even  suspected  by  him,  much  less  if  fully  known.] 
Grisenthwaite,  a  late  writer  on  agricultural  chemistry,  and  who  has 
the  advantage  of  knowing  the  discoveries,  and  comparing  the 
opinions,  of  all  his  predecessors,  expressly  denies  the  possibility  of 
any  acid  existing  in  soils.     His  New  '  Theory  of  Agriculture' '\  con- 

*  Dundonald's  Connexion  of  Chemistry  and  Apiculture. 
^  BepublJBhed  m  American  Farmer,  (old)  toL  iL 
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tains  tte  following  passage  :  "  Chalk  has  been  recommended  as  a 
substance  calculated  to  correct  the  sourness  of  land.  It  would 
surely  have  been  a  wise  practice  to  have  previously  ascertained  this 
existence  of  acid,  and  to  have  determined  its  nature,  in  order  that 
it  might  be  effectually  removed.  The  fact  reaUy  is,  that  no  soil 
was  ever  yet  found  to  contain  any  notaMe  quantity  of  acid.  The 
acetic  and  the  carbonic  are  the  only  two  that  are  likely  to  be  gene- 
rated by  any  spontaneous  decompositipn  of  animal  or  vegetable 
bodies,  and  neither  of  them  have  any  fixity  when  exposed  to  the 
air."  Thus,  then,  my  doctrine  is  deprived  of  even  the  feeble  sup- 
port it  might  have  had  from  Dundonald's  mere  opinion,  if  that 
opinion  had  not  been  contradicted  by  later  and  better  authority ; 
and  the  only  support  to  be  looked  for,  will  be  in  the  fitcts  and  argu- 
ments that  I  shall  be  able  to  adduce. 

I  am  not  prepared  to  question  what  Crrisentbwaite  states  as  a 
chemical  fact,  "  that  no  soil  was  ever  yet  found  to  contain  any. 
notable  quantity  of  acid."  No  soil  examined  by  me  for  this  pur- 
pose, with  such  poor  means  as  I  could  apply,  gave  any  evidence  of 
the  presence  of  uncombined  acid.  Still,  however,  the  term  acid 
may  be  applied  with  propriety  to  soils  in  which  growing  vegetables 
continually  receive  acid  from  the  decomposition  of  others  (for  which 
no  "  fixity"  is  requisite),  or  in  which  acid  is  present,  not  free,  but 
combined  trith  some  base,  by  which  it  is  readily  yielded,  to  promote, 
or  retard,  the  growth  of  plants  in  contact  with  it.  It  will  be  suffi- 
cient for  my  purpose  to  show  that  certain  soils  contain  some  sub- 
stance, or  possess  some  quality,  which  promotes  almost  exclusively 
the  growth  of  acid  plants — that  this  power  is  strengthened  by 
adding  known  vegetable  acids  to  the  soil — and  is  totally  removed 
by  the  application  of  calcareous  manures^  which  would  necessarily 
destroy  any  acid,  if  it  were  present.  Leaving  it  to  chemists  to 
determine  the  nature  and  properties  of  this  substance,  I  merely 
contend  for  its  existence  and  effects;  and  the  cause  of  these  effects^ 
whatever  it  may  be,  for  the  want  of  a  better  name,  I  shall  call 
acidity. 

The  proofs  now  to  be  offered  in  support  of  the  existence  of  acid 
and  neutral  soils,  however  weak  each  may  be  when  considered  alone, 
yet,  when  taken  in  connexion,  will  together  form  a  body  of  evidence 
not  easily  to  be  resisted. 

First  proof. — ^Pines  and  common  sorrel  [rmnex  acetocdla]  have 
leaves  well  known  to  be  acid  to  the  taste ;  and  their  growth  is  fa- 
voured by  such  soils  as  are  here  supposed  to  be  acid,  to  an  extent 
which  would  be  thought  remarkable  in  other  plants  on  the  richest 
soils.  Except  wild  locust  on  the  best  of  our  river  land,  no  growth 
can  compare  in  rapidity  with  pines  on  soils  naturally  poor  and 
even  when  greatly  reduced  by  long  cultivation.  Pines  usually 
stand  so  thick,  on  old  exhausted  fields,  that  the  increase  of  &]z.q  in. 
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each  plant  is  greatly  retarded  j  but  if  the  whole  growth  of  an  acre 
were  estimated,  it  would  probably  exceed  in  quantity  the  difiFerent 
growth  of  the  richest  soils,  of  the  same  age  and  on  an  equal  space. 
Every  cultivator  of  corn  on  poor  light  soil  knows  how  rapidly 
sorrel*  will  cover  his  otherwise  naked  field,  unless  kept  in  check  by 
continual  tillage — and  that  to  root  it  out,  so  as  to  prevent  the  like 
future  labour,  cannot  be  effected  by  any  mode  of  cultivation  what- 
ever. This  weed  too  is  considered  far  more  hurtful  to  growing 
crops,  than  any  other  of  equal  size.  Yet  neither  of  these  acid 
plants  can  thrive  on  the  best  lands.  Sorrel  cannot  even  live  on  a 
calcareous  soil;  and  if  a  pine  is  sometimes  found  there,  it  has 
nothing  of  its  usual  elegant  form,  but  seems  as  stunted  and  ill- 
shaped  as  if  it  had  always  suffered  for  want  of  nourishment.  In- 
numerable facts,  of  which  these  are  examples,  prove  that  these  acid 
plants  must  derive  from  their  favourite  soil  some  kind  of  food  pe- 
culiarly suited  to  their  growth,  and  quite  useless,  if  not  hurtful,  to 
cultivated  crops. 

2d.  Dead  acid  plants  are  the  most  effectual  in  promoting  the 
growth  of  living  ones.  When  pine  leaves  are  applied  to  a  soil, 
whatever  acid  they  contain  is  of  course  given  to  that  soil,  for  such 
time  as  circurnstances  permit  it  to  retain  its  form,  or  peculiar  pro- 
perties. Such  an  application  is  often  made  on  a  large  scale,  by 
cutting  down  the  second  growth  of  pines,  on  land  once  under  till- 
age, and  suffering  them  to  lie  a  year  before  clearing  and  cultivating 
the  land.  The  invariable  consequence  of  this  course  is  a  growth 
of  sorrel,  for  one  or  two  years,  so  abundant  and  so  injurious  to  the 
crops,  as  to  more  than  balance  any  benefit  derived  by  the  soil  from 
the  vegetable  matter  having  been  allowed  to  rot.  From  the  gene- 
ral experience  of  this  effect,  most  persons  put  pine  land  under 
tillage  as  soon  as  cut  down,  after  carefully  burning  (to  destroy)  the 
whole  of  the  heavy  cover  of  leaves,  both  green  and  dry.  Until 
within  a  few  years,  it  was  generally  supposed  that  the  leaves  of 
pine  were  worthless,  if  not  hurtful,  in  all  applications  to  cultivated 
land — which  opinion  doubtless  was  founded  on  such  facts  as  have 
been  just  stated.  But  if  they  are  used  as  litter  for  cattle,  and 
heaped  to  ferment,  the  injurious  quality  of  pine  leaves  is  destroyed, 
and  they  become  a  valuable  manure.  This  practice  is  but  of  recent 
origin — but  is  highly  approved,  and  rapidly  extending.  [Still 
later  it  has  been  found  that  when  these  leaves  are  applied  unrotted, 
as  raked  up  in  woodland,  to  calcareous  land,  they  produce  only  and 

*  Sheep  sorrel,  or  Rumei  acetocdla.  The  wood  sorrel  {Oxalia  acelocella) 
is  of  a  very  different  character.  The  latter  prefers  rich  and  even  calcareous 
soils,  and  I  hare  seen  it  growing  well  on  spots  calcareous  to  excess.  It 
would  seem,  therefore,  that  wood  sorrel  forms  its  acid  from  the  atmosphere, 
and  does  not  draw  it  from  the  soil,  as  I  suppose  to  be  the  case  with  common 
sorrel.  [The  wood,  sorrel  is  a  trefoil,  and  pod-bearing  or  leguminous 
plant.] 
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always  beneficial  results;  and  that  this  is  the  best  as  well  as  cheap- 
est mode  of  their  application.] 

On  one  of  the  washed  and  barren  declivities  (or  galls)  which  are 
so  numerous  on  all  our  farms,  I  had  the  small  gullies  packed  full 
of  green  pine  bushes,  and  then  covered  with  the  earth  drawn  from 
the  equally  barren  intervening  ridges,  so  as  nearly  to  smooth  the 
whole  surface.  The  whole  piece  had  borne  nothing  previously  ex- 
cept a  few  scattered  tufts  of  poverty  grass  (aristida  gracilis)  and 
dwarfish  sorrel,  all  of  which  did  not  prevent  the  spot  seeming  quite 
bare  at  mid-summer,  if  viewed  at  some  distance.  This  operation 
was  performed  in  February  or  March.  The  land  was  not  culti- 
vated, nor  again  observed,  until  the  second  summer  afterwards.  At 
that  time,  the  piece  remained  as  bare  as  formerly,  except  along  the 
filled  gullies,  which,  throughout  the  whole  of  their  crooked  courses, 
were  covered  by  a  thick  and  uncommonly  tall  growth  of  sorrel,  re- 
markably luxuriant  for  any  situation,  and  which,  being  bounded 
exactly  by  the  width  of  the  narrow  gullies,  had  the  appearance  of 
some  vegetable  sown  thickly  in  drills,  and  kept  clean  by  tillage. 
So  great  an  eflFect  of  this  kind  has  not  been  produced  within  my 
knowledge — ^though  facts  of  like  nature,  and  leading  to  the  same 
conclusion,  are  of  frequent  occurrence.  If  small  pines  standing 
thinly  over  a  broom-grass  old-field  are  cut  down  and  left  to  lie,  un- 
der every  top  will  be  found  a  patch  of  sorrel,  before  the  leaves  have 
all  rotted. 

3d.  The  growth  of  sorrel  is  not  only  peculiarly  favoured  by  the 
application  of  vegetables  containing  acids  already  formed,  but  also 
by  such  matters  as  will  form-  acid  in  the  course  of  their  decomposi- 
tion. Farm-yard  manure,  and  all  other  putrescent  animal  and 
vegetable  substances,  form  acxtic  acid  as  their  decomposition  pro- 
ceeds.* If  heaps  of  rotting  manure  are  left  without  being  spread, 
in  a  field  but  very  slightly  subject  to  produce  sorrel,  a  few  weeks 
of  growing  weather  will  bring  out  that  plant  >  close  around  every 
heap ;  and  for  some  time  the  sorrel  will  continue  to  show  more 
benefit  from  that  rank  manuring  than  any  other  grass.  For  several 
years  my  winter-made  manure  was  spread  and  ploughed  in  on  land 
not  cultivated  until  the  next  autumn,  or  the  spring  after.  This 
practice  was  founded  on  the  mistaken  opinion,  that  it  would  prevent 
much  of  the  usual  exposure  to  evaporation  and  waste  of  the  manure. 
One  of  the  reasons  which  alone  would  have  compelled  me  to  aban- 
don this  absurd  practice  was,  that  a  crop  of  sorrel  always  followed, 
(even  onneutral  or  good  soils  that  before  barely  permitted  a  scanty 
growth  of  it  to  live),  which  so  injured  the  next  grain  crop  as 
greatly  to  lessen  the  benefit  from  the  manure.  Sorrel  unnaturally 
produced  by  such  applications  does  not  infest  the  land  longer  than 

*  Agr.  Chem.  p.  187.     (Phil,  ed.) 
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until  we  may  suppose  the  recent  supply  of  acid  to  have  been  re- 
moved by  cultivation  and  other  causes. 

It  may  be  objected  that,  even  if  fully  admitted,  my  authorities 
prove  only  the  formation  of  a  single  vegetable  acid  in  soil,  the  acetic 
— ^that  my  facts  show  only  the  production  of  a  single  acid  plant, 
sorrel — and  that  the  acid  which  sorrel  contains  is  not  the  acetic, 
but  the  oxalic*  In  reply  to  such  objections,  it  may  be  said,  that 
from  the  application  of  acids  to  recently  ploughed  land,  no  acid 
plant  except  sorrel  is  made  to  grow,  because  that  one  only  can 
spring  up  speedily  enough  to  arrest  the  the  fleeting  nutriment.  Po- 
verty grass  (Aristida  gracilis  or  A.  dicTwtoma)  grows  only  on  the 
same  kinds  of  soil,  and  generally  covers  them  after  they  have  been 
a  year  free  from  a  crop,  but  does  not  show  sooner ;  and  pines  re- 
quire two  years  before  their  seeds  will  produce  plants.  But  when 
pines  begin  to  spread  over  the  land,  they  soon  put  an  end  to  the 
growth  of  all  other  plants,  and  are  abundantly  supplied  with  their 
acid  food,  from  the  dropping  of  their  own  leaves.  Thus  they  may 
be  first  supplied  with  the  vegetable  acid  ready  formed  in  the 
leaves,  and  afterwards  with  the  acetic  acid,  formed  by  their  sub- 
sequent slow  decomposition.  It  does  not  weaken  my  argument, 
that  the  product  of  a  plant  is  a  vegetable  acid  different  from  the 
one  supposed  to  have  nourished  its  growth.  All  vegetable  acids 
(except  the  prussic),  however  different  in  their  properties,  are  com- 
posed of  the  same  three  elementary  bodies,  differing  only  in  their 
proportions^ — and  consequently  are  all  convertible  into  each  other. 
A  little  more,  or  a  little  less  of  one  or  the  other  of  these  ingre- 
dients, may  change  the  acetic  to  the  oxalic  acid,  and  that  to  any 
other.  We  cannot  doubt  but  that  such  simple  changes  may  be 
produced  by  the  chemical  powers  of  vegetation,  when  others  are 
effected  far  more  difficult  for  us  to  comprehend.  The  most  tender 
and  feeble  organs,  and  the  mildest  juices,  aided  by  the  power  of 
animal  or  vegetable  life,  are  able  to  produce  decompositions  and 
combinations  which  the  chemist  cannot  explain,  and  which  he  would 
in  vain  attempt  to  imitate. 

4th.  This  ingredient  of  soils,  which  nourishes  acid  plants,  also 
poisons  cultivated  crops.  Plants  have  not  the  power  of  rejecting 
noxious  fluids,  but  take  up  by  their  roots  everything  presented  in  a 
soluble  form.j  Thus  the  acid  also  enters  the- sap-vessels  of  culti- 
vated plants,  stints  their  growth,  and  makes  it  impossible  for  them 
to  attain  that  size  and  perfection  which  their  proper  food  would 
insure,  if  it  were  presented  to  them  without  its  poisonous  accom- 
paniment.    When  the  poorest  virgin  wood-land  is  cut  down,  it  is 

*  Agr.  Chem.  Lecture  3. 

f  Carbon,  oxygen,  and  hydrogen.     Agr.  Chem.  Lecture  3,  p.  78. 

J  Agr.  Chem.  Lecture  6,  page  186. 
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covered  and  filled  to  excess  with  leaves  and  other  rotteS  and  rotting 
vegetable  matters.  Can  a  heavier  vegetable  manuring  be  desired? 
And  as  this  compretely  rots  during  cultivation,  must  it  not  offer  to 
the  growing  plants  as  abundant  a  supply  of  food  as  they  can  re- 
quire ?  Yet  the  best  product  obtained  may  be  from  ten  to  fifteen 
bushels  of  corn,  or  five  or  six  of  wheat,  soon  to  come  down  to  half 
those  quantities.  If  the  noxious  quality  which  causes  such  injury- 
is  an  acid,  it  is  as  certain  as  any  chemical  truth  whatever,  that  it 
will  be  neutralized,  and  its  powers  destroyed,  by  applying  enough 
of  calcareous  earth  to  the  soil;  and  precisely  such  effects  are  found 
wherever  that  remedy  is  tried.  On  land  thus  relieved  of  this  un- 
ceasing annoyance,  the  young  plants  of  corn  no  longer  appear  of  a 
pale  and  sickly  green,  approaching  to  yellow,  but  take  immediately 
a  deep  healthy  colour,  by  which  they  may  readily  be  distinguished 
from  any  on  adjoining  ground,  left  in  its  former  state,  before  there 
is  any  perceptible  difference  in  the  size  of  the  plants.  The  crop 
will  produce  fifty  to  one  hundred  per  cent,  more,  the  first  year,  be- 
fore its  supply  of  food  can  possibly  have  been  increased ;  and  the 
soil  is  soon  found  not  only  clear  of  sorrel,  but  absolutely  incapable 
of  producing  it.  I  have  antioipatpd  these  effects  of  calcareous  ma- 
nures, before  furnishing  the  evidence ;  but  they  will  hereafter  be 
established  by  facts  beyond  contradiction. 

Th'e  truth  of  the  existence  of  either  acid  or  neutral  soils  depends 
on  the  existence  of  the  other ;  and  to  prove  either,  will  necessarily 
establish  both.  If  acid  exists  in  soils,  then  whenever  it  meets  with 
calcareous  earth,  the  two  substances  must  combine  with  and  neu- 
tralize each  other,  so  far  as  their  proportions  are  properly  adjusted. 
On  the  other  hand,  if  I  can  show  that  compounds  of  lime  and  vege- 
table acid  are  present  in  most  soils,  it  follows  inevitably  that  nature 
has  provided  means  by  which  soils  can  generally  obtain  this  acid ; 
and  if  the  amount  formed  can  balance  the  lime,  the  operation  of 
the  same  causes  can  exceed  that  quantity,  and  leave  an  excess  of 
free  acid.  From  these  premises  wiU  be  deduced  the  following 
proofs. 

5th.  It  has  been  stated  (page  57)  that  the  process  recommended 
by  chemists  for  finding  the  calcareous  earth  in  soils  was  unfit  for 
that  purpose,  because  some  precipitate  was  always  obtained,  even 
when  no  calcareous  earth  or  carbonate  of  lime  was  present.  Fre- 
quent trials  have  shown  me  that  this  precipitate  is  considerably 
more  abundant  from  good  soils  than  bad.  The  substance  thus  ob- 
tained from  rich  soils  by  solution  and  precipitation,  in  every  case 
that  I  have  tried,  contains  some  carbonate  of  lime,  although  the 
6oil  from  which  it  was  derived  had  none.  The  alkaline  liquor  from 
which  J;he  precipitate  has  been  separated,  we  axe  told  by  Davy,  will, 
after  boiling,  let  fall  the  carbonate  of  magnesia,  if  any  had  been  in 
the  soil;  but  when  any  notable  deposit  is  thus  obtained,  it  will 
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often  be  found  to  consist  more  of  carbonate  of  lime,  than  of  mag- 
nesia.    The  following  are  examples  of  such  products : 

One  thousand  grains  of  tide-marsh  soil  (page  63,  No.  4),  acted 
on  by  muriatic  acid  in  the  pneumatic  apparatus,  gave  out  no  car- 
bonic acid  gas,  and  therefore  could  have  contained  no  carbonate  of 
lime.  The  precipitate  obtained  from  the  same  weighed  sixteen 
grains ;  which  being  again  acted  on  by  sulphuric  acid,  evolved  as 
much  gas  as  showed  that  three  grains  had  become  carbonate  pf 
lime,  in  the  previous  part  of  the  process. 

Two  hundred  grains  of  alluvial  soil  from  Saratoga  Springs  (page 
65,  No.  18),  containing  no  carbonate  of  lime,  yielded  a  precipitate 
of  twelve  grains,  of  which  three  was  carbonate  of  lime — and  a 
deposit  from  the  alkaline  solution'  weighing  six  grains,  four  of 
which  was  carbonate  of  lime. 

Seven  hundred  grains  of  limestone  soil  from  Bedford,  Pennsyl- 
vania (part  of  the  specimen  marked  14,  page  64),  contained  about 
two-thirds  of  a  grain  of  carbonate  lime — ^and  its  precipitate  of 
twenty-eight  grains,  only  yielded  two  grains :  but  the  alkaline 
solution  deposited  eleven  grains  of  the  carbonates  of  lime  and 
magnesia,  of  which  at  least  five  was  of  the  former,  as  there 
remained  seven  and  a  half  of  solid  matter,  after  the  action  of  sul- 
phuric acid.* 

[Eleven  hundred  and  fifty  grains  of  the  rich  alluvial  eartK  depo- 
sited by  the  Mississippi  river,  in  Arkansas,  yielded,  in  the  pneu- 
matic apparatus,  9  J  ounce  measures  of  carbonic  acid  gas,  and 
of  course  could  not  have  contained  more  than  nineteen  grains  of 
carbonate  of  lime, — or,  so  far  as  the  carbonate  was  of  magnesia, 
something  less  in  proportion.  But  by  adding  carbonate  of  potash 
to  the  acid  solution,  fifty-two  grains  were  precipitated,  all  of  which, 
according  to  Davy,  should  have  been  carbonate  of  lime ;  and  from 
the  alkaline  solution  thus  made,  by  standing  and  boiling,  20  J 
grains  more  of  solid  matter  was  precipitated,  which,  according  to 
Davy,  should  have  been  carbonate  of  magnesia ;  and  making  of 

*  The  measurement  of  the  carbonic  acid  gas  evolved  was  relied  on  to 
show  the  whole  amount  of  carbonates  present — and  sulphuric  acid  was  used 
to  distinguish  between  lime  and  magnesia,  in  the  deposit  from  the  alkaline 
solution.  If  any  alumina  or  magnesia  had  made  part  of  the  solid  matter 
exposed  to  diluted  sulphuric  acid,  the  combinations  formed  would  have 
been  soluble  salts,  which  would  of  course  have  remained  dissolTed  and  in- 
visible in  the  fluid.  Lime  only,  of  the  four  chemical  earths,  forms  with 
sulphuric  acid  a  substance  but  slightly  soluble,  and  which  therefore  can  be 
mostly  separated  in  a  solid  form.  The  whole  of  this  substance  (sulphate 
of  lime)  cannot  be  obtained  in  this  manner,  as  a  part  is  always  dissolved ; 
but  whatever  is  obtained,  proves  that  at  least  two-thirds  of  that  quantity 
of  carbonate  of  lime  had  been  present ;  as  that  quantity  of  lime  which  will 
combine  with  enough  carbonic  acid  to  make  100  parts  (by  weight)  of  car- 
bonate of  lime,  will  combine  with  so  much  more  of  sulphuric  acid,  as  to  form 
about  150  parts  of  the  sulphate  of  lime,  or  gypsum. 


76  NEUTRAL  SOILS. 

both  precipitates  (52  +  20}=)  72}  grains  of  carbonates  of  lime 
and  magnesia,  for  the  quantity  in  the  original  specimen  of  soil. 
Yet  the  first  operation  clearly  proved  there  could  have  been  no  more 
than  nineteen.  Subsequent  information  and  experience  showed 
that  Davy's  mode  for  separating  the  results  of  lime  and  magnesia 
was  as  little  to  be  relied  on,  as  that  for  ascertaining  the  quantity 
of  carbonate  of  lime  alone.] 

.From  these  processes,  there  can  be  no  doubt  but  that  the  soils  con- 
tained a  proportion  of  some  salt  of  lime  (or  lime  combined  with  some 
kind  of  acid),  which  being  decomposed  by  and  combined  with  the 
muriatic  acid,  was  then  precipitated,  not  in  its  first  form,  but  in 
that  of  carbonate  of  lime — it  being  supplied  with  carbonic  acid 
from  the  carbonate  of  potash  used  to  produce  the  precipitation. 
The  proportions  obtained  in  these  cases  were  small ;  but  it  does  not 
follow  that  the  whole  quantity  of  lime  contained  in  the  soil  was 
found.  However,  to  the  extent  of  this  small  proportion  of  lime,  is 
proved  clearly  the  presence  of  enough  of  some  acid  (and  that  not 
the  carbonic)  to  combine  with  it.  Neither  could  it  have  been  the 
sulphuric,  or  the  phosphoric  acid ;  for  though  both  the  sulphate  and 
phosphate  of  lime  are  in  some  soils,  yet  neither  of  these  salts  can 
be  decomposed  by  muriatic  acid. 

Qih.  The  strongest  objection  to  the  doctrine  of  neutral  soils  is, 
that,  if  true,  the  salt  formed  by  the  combination  of  the  lime  and 
acid  must  often  be  present  in  such  considerable  proportions,  that  it 
is  scarcely  credible  that  its  presence  and  nature  should  not  have 
been  discovered  by  any  of  the  able  chemists  who  have  analyzed 
soils.*     This  difficulty  I  cannot  remove,  but  it  may  be  met  (or 

*  This  difficulty,  founded  on  my  then  profound  and  often  misplaced  re- 
spect for  all  scientific  authorities,  would  have  been  less,  if  my  own  acquaint- 
ance with  chemistry  and  chemists  had  been  greater.  Boussingault  says 
that  any  substance  in  minute  quantity,  not  appearing  among  the  results  of 
analyses  by  chemists,  is  by  no  means  evidence  that  such  substances  might 
not  have  been  present,  and  even  easily  detected  in  the  original  body  ana- 
lyzed. Thus,  he  adds,  "  iodine  and  bromine  for  a  long  time  escaped  notice 
in  all  the  analyses  of  sea-water.  Chemists,  in  fact,  only  discover  readily 
the  bodies  which  exist  in  some  very  appreciable '  quantities  in  the  com- 
pounds they  examine.  The  substances  whose  presence  is  not  foreseen, 
those  which  only  enter  in  extremely  small  quantity  in  a  mineral,  are  apt  to 
pass  the  eyes  unperceived,  of  even  the  most  slalful  and  conscientious  " 
Rut.  Econ.  Sfc,  p.  205. 

Stephens,  in  his  late  "  Book  of  the  Farm,"  in  reference  to  his  reports 
of  analyses  of  soils,  says :  "  I  regret  that  I  must  refer  to  foreign  works  to 
furnish  these  analyses ;  but  the  truth  is,  we  have  not  one  single  published 
analysis  of  British  soil  by  a  British  chemist  which  is  worth  reading.  Sir 
Humphry  Davy  just  analyzed  soil  to  determine  the  amount  of  the  first  four 
substances  mentioned  [silica,  alumina,  oxide  of  iron,  and  oxide  of  man- 
ganese], and  one  or  two  others,  and  failed  to  detect  five  or  six  of  the  most 
important  ingredients."  (P.  224,  of  repubUoation  in  Skinner's  Farmer's 
Library.) 
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neutralized,  to  borrow  a  figure  from  my  subject),  by  showing  that 
an  equal  difficulty  awaits  those  who  may  support  the  other  side  of 
the  argument. 

The  theory  of  geolo^sts  of  the  formation  of  soils,  from  the  de- 
composition or  disintegration  of  rocks,  is  received  as  true  by  aU 
scientific  agriculturists.  The  soils  thus  supposed  to  be  formed,  re- 
ceive admixtures  from  each  other,  by  means  of  different  operations 
of  nature,  and  after  being  more  or  less  enriched  by  the  decay  of 
their  own  vegetable  products,  make  the  endless  variety  of  existing 
soils.*  But  where  a  soil,  lying  on  and  thus  supposed  to  have  been 
formed  from  any  particular  kind  of  rock,  is  so  situated  that  it  could 
not  have  been  moved,  nor  received  con^derable  accessions  from 
torrents  or  other  agents,  then,  according  to  this  theory,  the  rock 
and  the  soil  should  be  composed  of  the  same  materials ;  and  such 
soils  as  the  specimens,  marked  11  and  16  (page  M),  would  be,  like 
the  rook  they  touched,  nearly  pure  calcareous  earth,  instead  of  be- 
ing (as  they  were  in  truth)  destitute,  or  nearly  so,  of  that  ingre- 
dient. Such  are  the  doctrines  received  and  taught  by  Davy,  or  the 
unavoidable  deductions  from  them.  But,  without  contending  for 
the  full  extent  of  this  theory  of  the  formation  of  soils,  every  one 
must  admit  that  soils  thus  situated  must  have  received,  in  the  lapse 
of  ages,  some  accessions  to  their  bulk,  from  the  effects  of  frost, 
rain,  sun,  and  air,  on  the  lime-stone  in  contact  with  them.  All 
lime-stone  soils,  properly  so  called,  exhibit  certain  marked  and  pe- 
culiar characters  of  colour,  texture,  and  products,  which  can  only 
be  derived  from  receiving  into  their  composition  more  or  less  of  the 
rock  which  lies  beneath,  or  rises  above  their  surface.  This  mixture 
will  not  be  denied  by  any  one  who  has  observed  lime-stone  soils, 
and  reasons  fairly,  whether  his  investigation  begins  with  the  causes, 
or  their  effects.  If  then  all  this  accession  of  carbonate  of  lime  re- 
mains in  the  soil,  why  is  it  that  none,  or  almost  none,  is  discovered 
by  accurate  chemical  analysis  ?  Or,  if  it  be  supposed  not  present, 
nor  yet  changed  in  its  chemical  character,  in  what  possible  manner 
could  a  ponderous  and  insoluble  earth  have  made  its  escape  from 
the  soil  f  To  remove  this  obstacle,  without  admitting  the  opera- 
tion of  acid  in  making  such  soils  neutral,  will  be  attended  with  at 
least  as  much  difficulty,  as  any  arising  from  that  admission  being  made . 

7th.  But  we  are  not  left  entirely  to  conjecture  that  soils  were 
once  more  calcareous  than  they  now  are,  if  chemical  tests  can  be 
relied  on  to  furnish  proof.  Acid  soils  that  have  received  large 
quantities  of  calcareous  earth  as  manure,  after  some  time,  will  yield 
very  little  when  analyzed.  To  a  soil  of  this  kind,  full  of  vegetable 
matter,  I  applied,  in  1818  and  1821,  fossil  shells  at  such  a  known 

*  Agr.  Chem.  p.  131.     Also  Treatise  on  Agriculture  (by  General  Arm- 
Strong),  quoted  in  a  preceding  page  (53)  of  this  essay. 
7* 
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a-nd  heavy  rate  as  would  have  given  to  the  soil  (by  calculation)  at 
least  three  per  cent,  of  calcareous  earth,  for  the  depth  of  five 
.inches.  Only  a  small  portion  of  the  shelly  matter  was  very  finely 
divided  when  applied.  Since  the  application  of  the  greater  part 
of  this  dressing  (only  one-fourth  having  been  laid  on  in  1818),  no 
more  than  six  years  had  passed  before  the  following  examinations 
were  made  (at  end  of  1826)  ;  and  the  cultivation  of  five  crops  m 
that  time,  three  of  which  were  horse-hoed,  must  have  well  mixed 
the  calcareous  earth  with  the  soil.  Three  careful  examinations 
gave  the  following  results : 

Nq.  1. — 100  grains  yielded  7i  of  coarse  calcareous  earth  (fragments 
of  shells), 

And  less  than   J  of  finely  divided. 

8 

No.  2. — 1000  grains  yielded  5  of  coarse, 

2  finely  divided, 


No.  3. — 1500  grains  yielded  15    of  coarse, 

2  J  finely  divided. 

m 


The  specimens.  No.  1  and  No.  2,  were  obtained  by  taking  hand- 
fuls  of  soil  from  several  places  (four  in  one  case,  and  twelve  in  the 
other),  mixing  them  well  together,  and  then  taking  the  samples 
for  trial  from  the  two  parcels.  On  such  land,  when  not  recently 
ploughed,  there  will  always  be  an  over-proportion  of  the  pieces  of 
shells  on  the  surface,  as  the  rains  have  settled  the  fine  soil,  and 
left  exposed  the  coarser  matters.  On  this  account,  in  making 
these  two  selections,  the  upper  half-inch  was  first  thrown  aside,  and 
the  handful  dug  from  below.  No.  3  was  taken  from  a  spot  show- 
ing a  full  average  quantity  of  small  fragments  of  shells,  and  in- 
cluded the  surface.  I  considered  the  three  trials  made  as  fairly  as 
possible,  to  give  a  general  average.  Small  as  is  the  proportion  of 
finely  divided  calcareous  earth  exhibited,  it  must  have  been  in- 
creased by  rubbing  some  particles  from  the  coarser  fragments,  in 
the  operation  of  separating  them  by  a  fine  sieve.  Indeed  it  may 
be  doubted  whether  any  proportion  remained  very  finely  divided — 
or  in  other  words,  whether  it  had  not  been  combined  with  acid,  as 
fast  as  it  was  so  reduced.  But  without  the  benefit  of  this  supposi- 
tion, the  finely  divided  calcareous  earth  in  the  three  specimens 
averaged  only  one  and  one-fourth  grains  to  the  thousand,  which  is 
one  twenty-fourth  of  the  quantity  laid  on;  and  the  total  quantity 
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obtained,  of  coarse  and  fine,  is  eight  grains  in  one  thousand,  or 
about  one-fourth  of  the  original  proportion.  All  the  remainder 
had  changed  its  fprm,  or  otherwise  disappeared,  in  the  few  years 
that  had  passed  since  the  application.* 

[Another  similar  trial  of  this  soil  from  the  same  ground  was  re- 
peated in  July,  1842,  which  showed  that  the  finely  divided  carbo- 
nate of  lime,  then  remaining,  was  in  quantity  so  small  as  to  be 
barely  perceptible  and  appreciable.  The  land  had  then  remained 
undisturbed  by  tillage  for  nine  months ;  and  some  scattered  frag- 
ments of  shells  were .  exposed  to  view  on  the  surface  generally. 
For  the  obvious  reasons  stated  in  the  preceding  paragraph,  there 
will  always  appear  an  over-proportion  of  such  fragments,  upon  the 
surface  of  land  not  recently  ploughed ;  for  this  reason,  as  on  two 
of  the  three  former  trials,  the  upper  half-inch  of  surface  soil  was 
thrown  aside,  and  the  sample  for  examination  taken  immediately 
below.  Of  this,  2400  grains  yielded  two  grains  only  of  small 
fragments  of  shells,  and  less  than  one  grain  of  finely  divided  car- 
bonate of  lime ;  whereas  seventy-two  grains  had  been  the  original 
quantity  furnished  to  ifhe  soil.  This  result,  with  those  of  the 
earlier  trials,  agree  precisely  with  what  would  be  expected  from  the 
action  of  acid  in  soil,  and  cannot  be  satisfactorily  explained  by 
any  other  doctrine."]" — 1842.] 

[*  An  experiment  conducted  by  Lampadius,  and  quoted  by  Johnston  in 
Kis  recent  work,  is  very  like  the  above,  and  shows  like  results.  "He 
mingled  [the  carbonate  of]  lime  with  the  soil  of  a  piece  of  ground  till  it 
was  in  the  proportion  of  1,19  per  cent,  of  the  whole,  and  he  determined 
subsequently  by  analysis,  the  quantity  of  lime  it  contained  in  each  of  the 
three  succeeding  years. 
V     Ist  year  it  contained  1.19  per  cent,  of  carbonate  of  lime. 

2d  year        .         .     0.89         "  " 

3d  year        .        .     0.52        "  " 

4th  year         .         .     0.24         "  " 

But  from  these  premises,  so  similar  to  mine,  it  must  be  admitted  that 
Prof.  Johnston  arrives  at  a  very  different  conclusion.  He  takes  the  gradual 
lessening  of  the  caTbonate  a,s  proving  the  entire  removal  from  the  soil  of  so 
much  lime;  while  I  considered  it  as  showing  merely  the  change  from  the 
carbonate  to  ^ome  other  salts  of  lime. — 1849.] 

[f  Even  of  this  very  small  amount  of  fragments  of  shells  found  (2  grains), 
more  than  half  was  of  the  very  hard  gray  shells  (oyster  and  scallop), 
which  seem  almost  indestructible  in  soil.  They  must  contain  some  chemi- 
cal ingredient  which  enables  them  to  withstand  the  acid  or,  other  corroding, 
action  of  soil,  to  which  all  the  white  fossil  she's,  whether  hard  or  soft,  so 
readily  yield  in  the  course  of  time.  I  recently  observed  a  most  striking 
proof  of  this  well  known  general  fact  of  the  long  durability  of  these  gray 
shells,  and  consequently  their  comparative  worthlessness  as  a  manure.  On 
like  soil  to  the  subject  of  the  above  trials,  and  near  the  same  spot,  I 
recently  (1842)  found  a  small  and  thin  but  well-marked  oyster-shell  (Ostrea 
Virginianti),  apparently  as  perfect  and  as  well  preserved  as  when  it  was 
dug  up,  and  which  was  a  good  characteristic  specimen  of  the  kind,  and,  as 
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The  very  small  proportions  of  finely  divided  calcareous  earth 
compared  to  the  coarse,  in  some  shelly  soils,  furnish  still  stronger 
evidence  of  this  kind.  Of  the  York  river  soil  (descrihed  page  60 
No.  5),  -,   o       . 

1260  grains,  yielded  of  coarse  calcareous  parts,         -    168  grains. 
And  of  finely  divided,         .        -        -        -        8 

1044  of  the  rich  Nansemond  soil  (No.  6),       -        -    544  coarse. 

^  -      18  fine. 

As  many  of  the  shells  and  their  fragments  in  these  soils  are  in  a 
mouldering  state,  it  is  incredible  that  the  whole  quantity  of  finely 
divided  particles  derived  from  them  should  have  amounted  to  no. 
more  than  these  small  proportions.  Independent  of  the  action  of 
natural  causes,  the  plough  alone,  in  a  few  years,  must  have  pulver- 
ized at  least  as  much  of  the  shells  as  was  found. 

8th.  In  other_  cases,  where  the  operations  of  nature  have  been 
applying  calcareous  earth  for  ages,  none  now  remains  in  the  soil ; 
and  the  proof  thence  derived  is  more  striking  than  any  obtained 
from  artificial  applications  of  only  a  few  years'  standing.  Valleys, 
subject  to  be  frequently  flooded  and  saturated  by  the  water  of  lime- 
stone streams,  must  necessarily  retain  a  new  supply  of  calcareous 
earth  from  every  such  soaking  and  drying.  Lime-stone  water  con- 
tains the  super-carbonate  of  lime,  which  is  soluble ;  but  this  loses 
its  excess  of  carbonic  acid  when  left  dry  by  evaporation,  and  be- 
comes the  carbonate  of  lime,  which  not  being  soluble,  is  in  no 
danger  of  being  removed  by  subsequent  floods.  Thus,  accessions 
are  slowly  but  continually  made,  through  many  centuries.  Yet 
such  soils  are  found  containing  no  calcareous  earth— of  which  a 
remarkable  example  is  presented  in  the  soil  of  the  cultivated  part ' 
of  the  Sweet  Spring  Valley  (No.  8,  page  63.) 

[The  excess  of  carbonic  acid,  which  unites  with  lime  and  renders 
the  compound  soluble  in  water,  is  lost  by  exposure  of  the  calcare- 
ous water  to  the  air,  as  well  as  by  evaporation  to  dryness.  \Ac- 
cum's  Cliemistry — Lime.']  The  masses  of  soft  calcareous  rock 
which  are  deposited  in  the  rapids  of  lime-stone  streams  are  exam- 
ples of  the  loss  of  carbonic  acid  from  exposure  to  the  air  j  and  the 
stalactites  in  caves,  the  deposit  of  the  slow-dropping  water  holding 
in  solution  the  super-carbonate  of  lime,  are  examples  of  the  same 
effect  produced  by  evaporation.  A  similar  deposit  of  insoluble 
carbonate  of  lime,  from  both  these  causes,  is  necessarily  made  on 
all  land  subject  to  be  flooded  by-iime-stone  waters.] 

aucli,  has  been  placed  in  my  cabinet.  This  shell  was  part  of  the  dressing 
spread  upon  the  field  for  the  crop  of  1821,  and  had  been  since  exposed  to 
all  the  vioieaitudes  of  tillage  and  of  weather  for  nearly  twenty-two  years. 
—1842.] 
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9th.  All  wood  ashes  contain  salts  of  lime  (and  most  kinds  in 
large  proportions),  which  could  have  been  derived  from  no  other 
source  than  the  soils  on  which  the  trees  grew.  The  lime  thus  ob- 
tained from  ashes  is  principally  combined  with  carbonic  acid,  and 
partly  with  the  phosphoric,  forming  phosphate  of  lime.  The 
table  of  Saussnre's  analyses  of  the  ashes  of  numerous  plants,*  is 
sufficient  to  show  that  these  products  are  general,  if  not  universal. 
The  following  examples  of  some  of  my  own  few  examinations  indi- 
cate that  ashes  yield  calcareous  earth  in  proportions  suitable  to 
their  kind,  although  the  wood  grew  on  soils  destitute  of  that  in- 
gredient— ^as  was  ascertained  with  regard  to  each  of  these  soils. 


CABBONATE 

PHOSPHAIB 

100  QBAINS  OF  ASHES  FKOM 

WHAT  SOIL  TAKEN  FROM. 

OF 

OF 

MME. 

lIME. 

Whortleberry  bushes,  the 

entire  plants,  except  the 

leaves, 

Acid  silicious  loam, 

4  grains. 

4  grains. 

Equal  parts  of  the  bark, 

heart,  and  sap-wood  of 

an  old  locust, 

The  same, 

51     " 

18     " 

Young  locust  bushes  entire 

Rich  neutral  clay  loam, 

40     " 

30     " 

Young  pine  bushes. 

Acid  silicious  loam. 

9     " 

6     " 

Body  of  a  young  pine  tree. 

Acid  clay  soil. 

14     " 

18     « 

Body  of  a  white  oak  sap- 

ling, 

Stiff  whitish  clay,  acid 
and  poor. 

70       of  both. 

The  potash  was  first  carefully  taken  out  of  all  these  samples. 
The  remaining  solid  matter  was  silicious  sand  and  charcoal ;  the- 
proportion  of  the  latter  varying  according  to  the  degree  of  heat 
used  in  burning  the  wood,  which  was  not  permitted  to  be  very 
strong,  for  fear  of  converting  the  calcareous  earth  into  quick-lime.f 

*  Quoted  in  Davy's  Agr.  Chem.  Lecture  3. 

■\  [In  the  first  sketch  and  earliest  publication  of  this  essay  in  the 
"American  Farmer,"  of  1821,  the  statement  of  the  calcareous  contents  of 
ashes,  similar  to  the  above,  was  followed  by  the  following  remark:  "The 
results  of  the  few  examinations  I  have  made  do  not  confirm  the  opinion 
[or  results]  of  De  Saussure,  that  ashes  yield  quantities  of  calcareous  earth 
somewhat  proportioned  to  the  quantities  contained  in  the  soils  from  which 
they  were  taken.  But  they  show,  in  different  plants,  quantities  suited  to 
the  soil  which  each  prefers.  Thus,  of  three  kinds  of  ashes  from  the  same 
soil,  those  of  pine  gave  5J,  of  whortleberry  4,  and  of  locust  51  per  cent, 
of  carbonate  of  lime,  and  [somewhat]  similar  projiortions  of  other  salts 
of  lime,"  (Am.  Far.  iii.,  p.  316.)  In  all  the  succeeding  separate  editions 
of  the  essay,  this  remark  was  suppressed,  being  deemed  too  presumptuous 
for  me  to  use.  But  I  may  now  dare  to  reassume  the  position,  since  John- 
ston denies  the  accuracy  of  De  Saussure's  and  also  of  Berthier's  analyses, 
which  concur  in  the  conclusions  referred  to,  and  also  the  correctness  of  these 


8'2  lilME  IN   WOOD   ASHES. 

It  must  be  evident  and  unquestionable  that  all  the  carbonate  of 
lime  yielded  by  the  ashes  had  been  necessarily  furnished  in  some 
form  by  the  soil  on  which  the  plants  grew;  and  when  the  soil 
itself  contained  no  carbonate,  as  in  all  these  cases,  some  other 
compound  of  lime  must  have  been  present,  to  enable  us  to  account 
for  these  certain  and  invariable  results.  The  presence  of  a  com- 
bination of  lime  with  some  vegetable  acid,  and  none  other,  would 
serve  to  produce  such  effects.  According  to  established  chemical 
laws,  if  any  such  combination  had  been  taken  up  into  the  sap- 
vessels  of  the  tree,  it  would  be  decomposed  by  the  heat  necessary 
to  convert  the  wood  to  ashes ;  the  acid  would  be  reduced  to  its 
elementary  principles,  and  the  lime  would  immediately  unite  with 
the  carbonic  acid  (which  is  produced  abundantly  by  the  process 
of  combustion),  and  thus  present  a  product  of  carbonate  of  lime 
newly  formed  from  the  materials  of  the  other  substances  decom- 
posed.* 

On  the  foregoing  facts  and  deductions,  I  am  content  to  rest  the 
truth  of  the  existence  of  acid  and  neutral  soils. 


NOTE. 

Scientific  Confirmation  of  the  doctrine  of  Acid  in  Soils. 

[1835.  I  have  chosen  to  leave  all  the  preceding  part  of  this 
■chapter  (with  the  exception  of  a  few  merely  verbal  corrections  and 
:  alterations)  precisely  as  it  appeared  in  the  previous  edition  of  this 

■  conclusions.  He  adds  the  following  words,  -whicli,  in  connexion  with  his 
■context,  show  that  his  opinion  concurs  with  my  position,  that  (supposing 

enough  lime  to  be  present)  the  proportion  in  the  ashes  of  plants  is  accord- 
ing to  the  nature  and  demand  for  lime,  of  the  particular  plant;  and  not  to 
the  great  abundance  or  scarcity  of  lime  in  the  soil  producing  the  plant. 
He  says— -"the  ash  of  the  same  plant,  if  ripe  and  healthy,  is  nearly  the 
same  in  kind  and  quality  in  whatever  circumstances  (if  favourable)  of  soil 

■  or  climate  it  may  grow."  (p.  244.)  That  chemists  now  generally  admit 
De  Saussure's  conclusions  to  be  erroneous  may  also  be  safely  inferred 
from  this :  the  many  results  of  the  ashes  of  plants  which  have  appeared 
in  recent  works,  are  rarely  (if  ever)  accompanied  by  any  report  of  the 
contents  of  the  soil  whence  derived;  thus  showing  that  the  calcareous  or 
other  ingredients  are  inferred  to  be  according  to  the  kind  of  plant  and 
not  dependent  on  the  character  of  the  soil. 1849,]  ' 

*  The  reasoning  on  the  presence  of  the  carbonate  of'  lime  found  in 
cashes  from  acid  soils,  does  not  apply  to  the  phosphate  of  lime  which  is  also 
:  always  present.  The  latter  salt  is  not  decomposed  by  any  known  degree 
•of  heat  [Art.  Chemistry,  in  Edin.  Ency."],  and  therefore  might  possibly  have 

remained  unchanged,  in  passing  from  the  soU  to  the  tree,  and  thence  to  the 

ashes. 
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essay,  (January  1832.)*  But  since  ttat  time  I  have  first  heard  of 
a  discovery,  and  of  consequent  investigations  by  men  of  science, 
which  seem  to  furnish  direct  proof  of  what  I  have  been  contending 
for,  viz.  the  existence  of  a  vegetable  acid  substance  in  soils  and 
manures,  generallj/  diffused,  and  often  in  large  proportions,  and 
yet  which  had  not  been  known  or  suspected  by  chetnists  previously. 
The  first  intimation  of  this  discovery  which  reached  me  was  in  an 
extract  in  a  newspaper  from  the  "Alphabet  of  Scientific  Gar- 
dening," by  Professor  Rennie,  published  in  London  in  1833,  from 
which  the  part  relative  to  this  subject  will  be  quoted  below. 
Since,  I  have  seen  the  French  version  of  the  late  work  of  Berze- 
lius,  in  which  his  views  of  humic  acid  (or,  as  he  names  it,  the  geic 
acid)  are  given  more  at  length.f  The  facts  respecting  humic 
acid,  as  concisely  stated  in  the  following  quotation  from  Professor 
Bennie,  furnish  strong  confirmation  of  some  of  the  opinions  which 
I  have  endeavoured  to  maintain.  It  will  however  be  left,  without 
farther  comment,  for  the  reader  to  observe  the  accordance,  and  to 
make  the  application. 

"  Humic  acid  and  humin. — In  most  chenfical  books  the  terms  vimic  acid 
and  almin  are  used,  from  ulmus,  elm ;  but,  as  its  substance  occurs  in  most, 
if  not  all  plants,  the  name  is  bad.  I  prefer  Sprengcl's  terms,  from  humus, 
soil. 

"  This  important  substance  was  first  discovered  by  Klaproth,  in  a  sort 
of  gum  from  an  elm ;  but  it  has  since  been  found  by  Berzelius  in  all  barks ; 
by  M.  BraconnDt  in  saw-dust,  starch,  and  sugar;  and,  what  is  still. more 
interesting  for  our  present  purpose,  it  has  been  found  by  Sprengel  and  M. 
Polydore  Boullay  to  constitute  a  leading  principle  in  soils  and  manures. 
Humin  appears  to  be  formed  of  carbon  and  hy<frogen,  and  the  humic  acid 
of  humin  and  oxygen.  Pure  humin  is  of  a  deep  blackish  brown,  without 
taste  or  smell,  and  water  dissolves  it  with  great  difficulty  and  in  small 
quantities ;  consequently  it  cannot,  when  pure,  be  available  as  food  for 
plants. 

"Humic  acid,  however,  which,  I  may  remark,  is  not  sour  to  the  taste,. 
readily  combines  with  many  of  the  substances  found  in  soils  and  manures, 
and  not  only  renders  them,  but  itself  also,  easy  to  be  dissolved  in  water, 
which  in  their  separate  state  could  not  take  place.  In  this  way  humic  acid 
will  combine  with  lime,  potass,  and  ammonia,  in  the  form  of  humates,  and  the 
smallest  portion  of  these  will  render  it  soluble  in  water  and  fit  to  be  taken  up  by 
the  spongelets  of  the  root  fibres, 

' '  It  appears  to  have  been  from  ignorance  of  the  important  action  of  the 
humic  acid  in  thus  helping  to  dissolve  earthy  matters,  that  the  older 
writers  were  so  puzzled  to  discover  how  lime  and  potass  got  into  plants ; 
and  it  seems  also  to  be  this,  chiefly,  which  is  so  vaguely  treated  of  in  the 

*  The  general  positions  and  views  taken  as  to  acid  and  neutral  soils  are 
also,  in  substance  and  purport,  just  as  they  appeared  in  my  first  publica- 
tion on  this  subject,  in  1821. 

f  A  long  extract  from  Berzelius'  "  TraitS  de  Chimie,''  embracing  these 
views,  was  translated  for  and  published  in  the  two  preceding  editions  of 
this  essay,  and  also  in  the  Farmer's  Eegister.  It  is  omitted  now  as  un- 
necessary. — 1849.  .. 
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older  books,  under  the  names  of  extractive,  vegetable  extraet,  mudlagmoui 
matter,  and  the  like.  Saussure,  for  instance,  filled  a  vessel  with  turf,  and 
moistened  it  thoroughly  with  pure  water,  when  by  putting  ten  thousand 
parts  of  it  by  weight  under  a  heavy  press,  and  filtering  and  evaporating 
the  fluid,  he  obtained  twenty-six  psirts  of  what  he  termed  extraa ;  from 
ten  thousand  parts  of  well  dunged  and  rich  kitchen  garden  mould,  he  ob- 
tained ten  parts  of  extract ;  and  from  ten  thousand  parts  of  good  com  field 
mould,  he  obtained  four  parts  of  extract. 

"M.  Polydore  BouUay  found  that  the  liquid  manure,  drained  from 
dunghills,  contains  a  large  prop6rtion  of  humic  acid,  which  accounts-  for 
its  fertilizing  properties  so  well  known  in  China  and  on  the  continent ;  and 
he  found  it  also  in  peat  earth,  and  in  varying  proportions  in  all  sorts  of 
turf.  It  appears  probable,  from  Gay-Lussac  having  found  a  similar  acid 
(technically  azumic  add),  on  decomposing  the  prussic  acM  (technically 
hydro-cyanic  add),  that  the  humic  acid  may  be  found  in  animal  blood,  and 
if  so,  it  will  account  for  its  utility  as  a  manure  for  vines,  &c.  ,  Dobereiner 
found  the  gallic  acid  convertible  into  the  humic." 

[When  the  second  edition  of  this  essay  was  published  (in  1835), 
the  above  annunciation  had  but  just  before  been  made,  showing 
that  there  was  indeed  high  scientific  authority  for  the  very  general 
existence  of  a  vegetable  acid  in  soils.  And  since  that  time,  the 
fact  has  been  admitted  by  almost  all  scientific  writers,  and  has 
been  treated  of  at  length  in  suudry  chemical  works  and  reports  of. 
geological  surveys  in  this  country.  The  doctrine  of  the  existence 
of  an  acid  of  soil,  of  vegetable  origin,  which  before  had  scarcely 
any  other  authority  for  its  support  than  mine,  humble  and  obscure 
as  that  was,  is  now  of  universal  acceptation.  Still,  notwithstand- 
ing all  that  has  been  written  on  the  subject,  very  little  light  has. 
been  thrown  on  it  by  the  chemists  who  have  treated  of  it.  Being 
myself  too  little  informed  to  be  able  to  properly  digest  these 
different  speculations  and  to  balance  authorities,  and  to  separate 
the  true  and  valuable  from  the  erroneous  or  worthless  of  what  has 
been  lately  published,  I  deem  it  best  gtiU  to  rely  on  my  own  pre- 
viously published  views  and  proofs  only,  as  presented  in  the  fore- 
going pages.  Therefore,  leaving  it  to  chemists  to  settle  their 
present  differences  of  opinion  in  regard  to  the  qualities,  and  even 
identity,  as  well  as  name  of  the  acid  of  soil,  and  to  clear  away  the 
existing  confusion  and  obscurity  of  their  views,  I  will,  for  the 
present,  adopt  nothing  on  their  authority  in  this  respect.  Still,  I 
earnestly  hope  that  their  subsequent  investigations  may  be  success- 
ful in  eliciting  and  determining  what  is  true  of  this  acid — and  also 
in  applying  the  truths  ascertained  to  advance  the  knowledge  of  the 
composition  and  improvement  of  soils.  For  the  same  reaspn  1 
shall  also  decline  adopting  any  of  the  various  terms  which  have 
been  successively  applied  by  different,  and  even  the  same  chemis$s> 
to  designate  the  acid  of  soil;  as  humic,  geic,  crenic,  and  apocrenic 
acid,  &c. — 1842.] 

[Long  after  the  publication  of  the  latest  of  the  passages  of  the 
foregoing  chapter,  I  first  learned  the  existence  of  good  and  sufficient 
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authority,  in  a  -work  of  deservedly  high  reputation,  for  my  doctrine 
of  acid  seals.  This  is  Thaer's  "Principles  of  Agriculture,"  of 
which  the  English  translations  was  ,  first  published  in  the  United 
States  in  1846,  Tin  Skinner's  "Farmers'  Library,")  and  which 
permitted  my  earliest  access  to  the  work.  The  portion  on  humus 
testifies  positively  and  fully  to  the  existence  of  acid  soils,  and  also 
to  such  results  therefrom  as  I  have  maintained.  At  what  time 
these  particular  and  important  views  of  Thaer  were  first  published, 
does  not  appear;  though  it  may  be  inferred,  as  almost  certain,  that 
it  was  subsequent  to  the  discovery  and  early  observations  of  humic 
acid  of  Sprengel  and  Boullay,  as  stated  above  in  the  article  quoted 
from  Kennie's  publication  of  1833.  The  preface  to  the  translation 
of  Thaer's  work  states  that  the  original  was  first  published  in  Ger- 
many, in  successive  numbers,  from  1810  to  1812.  But  a  work  of 
this  kind,  in  every  succeeding  edition,  would  undoubtedly  receive 
from  its  author  such  additions  and  alterations  as  would  keep  pace 
with  the  progress  of  agricultural  and  chemical  science.  In  pre- 
senting the  doctrine  of  acid  in  soil,  Thaer  does  not  claim  the  im- 
portant discovery  as  his  own,  nor  has  he  ever  been  quoted  as  the 
first  discoverer,  or  even  as  one  among  the  earlier  investigators. 
Neither  does  he  refer  to  other  names,  as  authorities  (as  Rennie 
has  done  above),  which  would  naturally  have  been  done  if  it  was 
then  a  discovery  so  recent  as  to  require  such  authentication.  These 
would  be  enough  reasons  for  inferring  that  Thaer's  statements 
on  this  subject  are  of  date  much  later  than  his  first  edition.  There 
is  another  strong  reason  for  this  position.  If  he  had  announced 
the  existence  of  acid  in  soils  in  his  earliest  edition,  it  would  have 
been  prior  to  the  earliest  elaborate  and  very  able  works  on  agri- 
cultural chemistry,  1^  Davy  and  Chaptal.  It  is  incredible  that 
both  these  distinguished  investigators  should  have  passed  over  such 
evidence,  if  in  existence,  and  upon  such  high  agricultural  authority 
as  Thaer's,  without  the  slightest  notice,  and  (as  before  stated) 
without  making  any  allusion  to  the  existence  of  humic  or  any 
other  vegetable  acid  as  a  very  general  ingredient  of  soils.  Indeed 
there  is  direct  proof  that  Thaer's  work  was  a  later  publication  than 
Chaptal' s,  as  the  latter  is  quoted  from  in  the  former,  in  the  portion 
entitled  "  Theory  of  Soils."  For  each  and  all  these  reasons,  it  is 
impossible  that  Thaer's  notice  of  humic  acid  could  have  been  as 
early  as  his  first  edition;  and  very  improbable  that  it  should  have 
been  as  early  as  Professor  Rennie's  statement  copied  above. 

But  whatever  was  their  date,  the  following  passages  from  Thaer 
offer  confirmation  of  my  views  of  acid  soils  more  full  and  complete 
than  to  be  seen  in  any  other  author  within  my  observation,  and 
which,  therefore,  are  doubly  welcome,  as  the  testimony  of  so  pro- 
found and  distinguished  an  investigator. 
8 
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"Humus"  is  the  term  used  by  this  author  for  the  decomposed 
vegetable  and  other  organic  matter  which  is  more  or  less  mixed 
with  all  surface  soil,  and  which  gives  to  soil  all  its  fertility,,  and 
furnishes  all  the  food  of  plants.     He  continues : — 

"  It  is  the  residue  of  animal  and  Tegetable  putrefaction,  and  is  a  black 
body;  when  dry  it  is  pulverulent,  and  Tfhen  Tfet  has  a  soft,  greasy  feel." — 
"  It  is  the  produce  of  /organic  power — a  compound  of  carbon,  hydrogen, 
nitrogen,  and  oxygen,  such  as  cannot  be  chemically  composed,"  &c.  p.  534. 

"  When  humus  remains  constantly  damp,  without,  however,  being  covered 
with  water,  it  forms  a  very  unpleasant  smelling  acid,  which  is  more  parti- 
cularly characterized  by  the  property  which  it  possesses  of  colouring  blue 
litmus  paper  into  red.  This  circumstance  has  long  been  known,  and  it  is 
the  reason  that  land  and  meadows  which  are  not  properly  drained,  and 
which  exhibit  these  phenomena,  are  called  sour.  We  have  carefully  exa- 
mined these  facts,  and  have  endeavoured  to  discover  the  peculiar  constitu- 
tion of  this  aeid.  At  first,  we  were  inclined  to  regard  it  as  being  of  a  dis- 
tinct nature,  and  having  carbon  for  its  base ;  but  we  have  since  become 
convinced  that  it  is  generally  composed  of  acetic  aeid,  and  occasionally 
contains  a  portion  of  the  phosphoric.  This  latter  always  adheres  so  firmly 
to  the  humus  that  it  cannot  be  separated  from  it  either  by  boiling  or  wash- 
ing. The  liquid  in  which  the  humus  is  boiled  certainly  acquires  a  slight 
acid  flavour,  but  the  greater  part  of  the  acid  remains  attached  to  the  hu- 
mus."— "  This  acid  or  sour  humus  is  not  at  all  of  afertihzing  neUure  ;  on  the 
contrary,  it  is  jprejudicial  to  vegetation.*  Where  it  is  very  strong  and  per- 
vades the  whole  of  the  humus,  the  soil  only  produces  reeds,  rushes,  sedge, 
and  other  useless,  unpalatable  plants ;  and  whenever  these  abound,  it  may 
be  inferred  that  the  soil  contains  a  great  deal  of  sour  or  acid  humus,  "-j- — 
"There  are  various  means  of  getting  rid  of  this  baneful  property,  and 
rendering  the  humus  fertile." — "It  is  weU  known  that  with  the  aid  of  al- 
kalies, ashes,  lime,  and  marl,  humus  may  be  deprived  of  its  acidity,  and 
rendered  easily  soluble." — "  Heaths  do  not  thrive  where  this  [acid]  humus 
does  not  exist,  and  when  they  have  established  themselves  in  one  particular 
spot,  they  suffer  few  other  plants  to  appear.  This  humus  may  be  changed 
by  a  dressing  composed  of  marl,  lime,  or  ammonia ;  and  where  this  has 
been  mixed  with  the  soil,  the  heaths,  &c.,  speedily  perish."  (p.  538-9.) 

"  In  the  greater  number  of  cases,  peat  is  very  much  like  acid  or  sour 
humus ;  indeed,  it  sometimes  resembles  it  so  strikingly  that  it  is  impossiible 
to  distinguish  these  substances  apart."  (p.  540.) 

"In  both  the  kinds  of  land  we  have  been  considering  [i.  e.,  classes  of 
very  fertile  soil,  rich  in  humus],  we  have  supposed  the  humus  to  be  mild,  or 
exempt  from  aciMy-X  Sour  or  acid  humus  totally  destroys  the  feHility  ef  a 
soil;  sometimes,  liowever,  the  soil  contains  so  very  smaK  a  portion  of  acid- 
ity that  its  fertility  is  very  slightly  diminished,  and  only  with  regard  to 
some  few  plants.  Barley  crops  become  more  and  more  scanty  in  propor- 
tion as  the  acidity  is  increased ;  but  oats  do  not  appear  to  be  at  aU  affected 
by  it.  Rye  grown  on  such  land  is  peculiarly  liable  to  rust,  and  is  easily 
laid  or  lodged.     The  grains  of  all  the  cereals  become  larger,  but  contain 

*  Even  to  this  day.  Von  Thaer  is  the  only  agricultural  chemist  known, 
who  affirms,  with  me,  this  important  evil  quality  of  the  acid  of  soil. E.  E. 

f  These,  of  course,  are  like  our  broom-grass,  sorrel,  poverty  grass,  pine, 
&c.,  of  the  general  class  of  what  I  called  acid  plants.  Heath  is  another) 
and  the  most  abundant  in  Europe,  though  not  existing  in  America. E.  kI 

X  Which,  according  to  my  views  and  language,  would  be  expressed  by  tha 
acid  of  the  soil  having  been  nattralized  by  lime. — E.  E. 
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less  farina.  Grass  which  grows  on  these  spots  is,  both  in  species  and  taste, 
less  agreeable,  and  less  suitable  for  cattle,  than  any  other,  although  it  yields 
a  very  considerable  produce  in  hay.  In  fact,  in  exact  proportion  with  the 
increase  of  acidity,  is  the  decrease  of  the  value  of  the  soil,"  &c. 


[If  the  foregoing  examinations  of  soils,  and  the  arguments  which  fol- 
low, remain  unquestioned,  these  two  remarkable  and  important  facts 
may  be  considered  as  thereby  established  beyond  dispute  or  doubt : 

1st.  That  calcareous  earth,  calx,  or  carbonate  df  lime,  is  in  gene- 
ral as  entirely  deficient  in  the  soils  of  Virginia,  as  that  ingredient 
had  heretofore  been  supposed,  by  agricultural  writers,  to  be  com- 
mon in  all  soils ;  and, 

2d,  That,  notwithstanding  this  total  absence  of  the  carbonate  of 
lime,  lime  in  some  other  form  of  combination,  and  in  greater  or  less 
quantity,  is  an  ingredient  of  every  soil  capable  of  producing  vegetation. 

Nor  do  these  facts  come  in  conflict  with  each  other ;  nor  either 
of  them  with  the  position  which  has  been  contended  for,  that  calca- 
reous matter  in  proper  proportions  is  necessary  to  cause  fertility  in 
soils.  Should  some  other  person,  who  may  be  aided  by  sufficient 
scientific  light,  undertake  the  investigation,  he  may  supply  all  that 
is  wanting  for  the  direct  proof  of  this  theory  of  the  cause  of  fer- 
tility, and  perhaps  show  that  the  productive  value  of  a  soil  (under 
equal  circumstances)  is  in  proportion  to  the  quantity  of  the  vege- 
table salts  of  lime  present  in  the  soil.  The  direct  and  positive 
proof  of  this  doctrine,  I  confidently  anticipate  will  hereafter  be  ob- 
tained from  more  full  examinations  of  the  humic  acid,  and  its  com- 
pounds in  various  soils,  and  from  correct  and  minute  reports  of  the 
quantities  and  kinds  of  those  ingredients,  in  connexion  with  the 
degree  of  the  natural  fertility  of  each  soil.  As  yet,  however  in- 
teresting the  recent  discovery  of  humic  acid  may  be  to  chemists,  it 
does,  not  seem  that  they  have  suspected  it  to  have  anything  like 
the  important  bearing  on  the  fertilization  of  soil  which  I  had  attri- 
buted to  the  supposed  acid  principle  or  ingredient  of  soils.  Ber- 
zelius  seems  scarcely  to  have  bestowed  a  thought  on  this  most  im- 
portant application  of  his  investigation  of  the  properties  of  geine 
and  geic  acid. — 1842.]  [Other  authors  deem  not  only  humin  but 
also  humic  acid  as  directly  fertilizing  to  soils,  and  beneficial  to 
plants ;  which,  as  to  this,  or  any  other  uncombined  acid,  is  altogether 
opposed  to  my  views.* — 1849.] 

*  Confirmatory  testimony. — After  treating  extensively  of  different  acids 
of  soils  (humic,  ulmic,  crenic,  apocrenic,  and  medusous),  Johnston  adds : 
"  Besides  these  acids,  it  is  known  that  the  malic  and  acetic  are  occasionally 
produced  in  the  soil  during  the  slow  decay  of  vegetable  matter  of  different 
kinds.  -It  is  probable  that  many  other  analogous  compounds  are  likewise 
formed — which  are  more  or  less  soluble  in  water,  wnd  more  or  less  fitted  to 
aid  in  the  nourishment  of  plants."  (p.  280.)    The  last  words  of  the  passage 


88  rOEMATION   OF  ACID  IN   SOIL. 

Supposing  the  doctrine  to  be  sufficiently  establislied  by  my  own 
proofs  offered  above,  it  may  be  useful  to  trace  the  formation  and 
increase  of  acidity  in  different  soils,  according  to  the  views  which 
have  been  presented,  and  to  display  the  promise  which  that  quahty 
holds  out  for  improving  those  soils  which  it  has  heretofore  rendered 
barren  and  worthless. 

Every  neutral  soil  at  some  former  time  must  have  contained  cal- 
careous earth  in  sufficient  quantity  to  produce  the  uniform  effect 
of  that  ingredient  of  storing  up  and  fixing  fertility.  [It  was  then 
a  calcareous  soil,  however  small  might  have  been  the  proportion  of 
free  carbonate  of  lime  contained.]  The  decomposition  of  the  suc- 
cessive growths  of  plants,  left  to  rot  on  the  rich  soil,  continually 
formed  vegetable  acid,  which,  as  fast  as  formed,  united  with  the 
lime  in  the  soil.  At  last  these  two  principles  balanced  each  other, 
and  the  soil  was  no  longer  calcareous,  but  neutral.  Instead  of  its 
former  ingredient,  carbonate  of  lime,  it  was  now  supplied  with  a 
vegetable  salt  of  lime.  This  change  of  soil  does  not  affect  the  na- 
tural growth,  which  remains  the  same,  and  thrives  as  well  as  when 
the  soil  was  calcareous ;  and  when  brought  into  cultivation,  the 
soil  is  equally  productive  under  all  crops  suited  to  calcareous  soils. 
If  the  supplies  of  vegetable  matter  continue,  the  soil  may  even  be- 
come acid  in  some  measure,  as  may  be  evidenced  by  the  growth  of 
sorrel — ^but  without  losing  any  of  its  fertility  before  acquired.  The 
degree  of  acidity  in  any  one  soil  frequently  varies ;  it  is  increased 
by  the  growth  of  such  plants  as  delight  to  feed  on  it,  and  by  the 
decomposition  of  all  vegetable  matters.  Hence  the  longer  a  poor 
field  remains  at  rest,  and  not  grazed,  the  more  acid  it  becomes ;  and 
this  evil  keeping  pace  with  the  benefits  derived,  is  the  cause  why  so 
little  improvement,  or  increased  product,  is  obtained  from  putting 
acid  soils  under  that  mild  treatment.  Cultivation  not  only  pre- 
vents new  supplies,  but  also  diminishes  the  acidity  already  present 

of  course  I  oppose ;  deeming  all  acid  products  of  soil,  alone,  as  injurious  to 
fertility  and  productiveness  of  the  land  for  useful  crops. 

Besides  the  state  of  carbonate,  Johnston  says  that  lime  exists  in  fertile 
soils  as  chloride  of  calcium  (muriate  of  lime),  as  sulphate,  phosphate, 
silicate,  or  humate  of  lime.  •'  In  combination  with  humic  acid,  lime  exists 
most  frequently  in  soils  which  abound  in  vegetable  matter — in  peaty  soils, 
for  example,  to  which  lime  or  marl  have  been  added.  *  *  *  Few  in- 
vestigations have  as  yet  been  made  in  regard  to  the  proportion  of  lime 
which  exists  in  the  soil  in  the  state  of  humate.  It  has  generally  been  taken 
for  granted,  either  that  a  soil  was  destitute  of  lime,  if  it  exhibited  no  sensible 
effervescence  with  dilute  muriatic  acid,  or,  when  further  research  was 
made,  and  the  quantity  of  lime  rigorously  determined,  that  the  whole  of  this 
lime  must  have  existed  in  the  state  of  carbonate.  That  this  is  not  necessarily 
the  case,  however,  appears  to  be  proved  by  some  recent  examinations  of 
certain  soils  in  Normandy,  which  contain  as  much  as  14  to  15  per  cent, 
of  lime,  and  yet  exhibit  no  effervescence,  and  contain  no  carbonate.  The 
whole  of  the  lime  is  said  to  be  in  the  state  of  humate.  (p.  230-1. 1849.] 
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in  excess,  by  exposing  it  to  the  atmosphere ;  and  therefore  the 
more  a  soil  is  exhausted  of  its  fertility,  the  more  will  also  be  less- 
ened its  acidity,  [in  absolute  quantity  j  though  not  relatively  to  its 
degree  of  fertility,  which  will  be  lessened  still  more.] 

We  have  seen  from  the  proof  furnished  by  the  analysis  of  wood 
ashes,  that  even  poor  acid  soils  contain  a  little  salt  of  lime,  and 
therefore  must  have  been  slightly  calcareous  at  some  former  time. 
But  such  small  proportions  of  calcareous  earth  were  soon  equalled, 
and  then  exceeded,  by  the  formation  of  vegetable  acid,  before 
much  productiveness  was  caused.  The  soil  being  thus  changed, 
the  plants  suitable  to  calcareous  soils  died  off,  and  gave  place  to 
others  which  produce,  as  well  as  feed  and  thrive  on,  acidity. .  Still, 
however,  even  these  plants  famish  abundant  supplies  of  vegetable 
matter,  sufficient  to  enrich  the  land  in  the  highest  degree  j  but  the 
antiseptic  power  of  the  acid  prevents  the  leaves  from  rotting  for 
years,  and  even  then  the  soil  has  no  power  to  profit  by  their  pro- 
ducts. Though  continually  wasted,  the  vegetable  matter  is  continually 
again  forming,  and  always  present  in  abundance ;  but  must  remain 
almost  useless  to  the  soU,  until  the  accompanying  acidity  shall  be 
destroyed. 

[It  may  well  be  doubted  whether  any  soil,  destitute  of  lime  in 
every  form  would  not  necessarily  be  a  perfect  barren,  incapable  of 
producing  a  spire  of  grass.  No  soil  thus  destitute  is  known,  as  the 
plants  of  all  soils  show  in  their  ashes  the  presence  of  some  lime. 
But  it  is  probable  that  our  sub-soils,  which,  when  left  naked  by  the 
washing  away  of  the  soil,  are  so  generally  and  totally  barren,  are 
made  so  by  their  being  entirely  destitute  of  lime  in  any  form. 
There  is  a  natural  process  regularly  and  at  all  times  working  to  de- 
prive the  sub-soil  of  all  lime,  unless  the  soil  is  abundantly  supplied. 
What  constitutes  soil,  and  makes  the  strong  and  plain  mark  of 
separation  and  distinction  between  the  more  or  less  fertile  soil  and 
the  absolutely  sterile  sub-soil  beneath  ?  The  most  obvious  cause 
for  this  difference  which  might  be  stated,  is  the  dropping  of  the 
dead  vegetable  matter  on  the  surface ;  but  this  is  not  sufficient 
alone  to  produce  the  effects,  though  it  may  be  so  when  aided  by 
another  cause  of  more  power.  When  the  most  barren  surface 
earth  was  formed  or  deposited  by  any  of  the  natural  agents  to 
which  such  effects  are  attributed  by  geologists,  it  seems  reasonable 
to  suppose  that  the  surface  was  no  richer  than  any  lower  part  of 
the  whole  upper  stratum  so  deposited.  If,  then,  a  very  minute 
proportion  of  lime  had  been  equally  distributed  through  the  body 
of  poor  earth  to  any  depth  that  the  roots  of  trees  could  penetrate, 
it  would  follow  that  the  roots  would,  in  the  course  of  time,  take  up 
all  the  lime,  as  all  pf  it  would  be  wanting  for-  the  support  of  the 
trees ;  and  their  death  and  decay  would  afterwards  leave  all  this 
former  ingredient  of  the  soil,  in  general,  on  the  surface.  This 
8* 
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process  must  have  the  effect,  in  the  course  of  time,  of  fixing  on 
and  near  the  surface  the  whole  of  a  scanty  supply  of  lime,  and  of 
leaving  the  subsoil  without  any.  But  if  there  is  within  the  reach 
of  the  roots  more  lime  than  any  one  crop  or  growth  of  plants 
needs,  then  the  superfluous  lime  will  be  permitted  to  remain  in  the 
sub-soil,  which  sub-soil  will  then  be  improvable  by  vegetable  sub- 
stances, and  readily  convertible  to  productive  soil.  The  manner 
in  which  lime  thus  operates  will  be  explained  in  the  next  chapter. 
—1835.]  " 

Nearly  all  the  woodland  now  remaining  in  lower  Virginia,  and 
also  much  of  the  land  which  has  long  been  arable,  is  rendered  un- 
productive by  acidity;  and  successive  generations  have  toiled  on 
such  land,  almost  without  remuneration,  and  without  suspecting 
that  their  worst  virgin  land  was  then  richer  than  their  manured 
lots  appeared  to  be.  The  cultivator  of  such  soil,  who  knows  not 
its  peculiar  disease,  has  no  other  prospect  than  a  gradual  decrease 
of  his  always  scanty  crops.  But  if  the  evil  is  once  understood, 
and  the  means  of  its  removal  are  within  his  reach,  he  has  reason 
to  rejoice  that  his  soil  was  so  constituted  as  to  be  preserved  from 
the  effects  of  the  improvidence  of  his  forefathers,  who  would  have 
worn  out  any  land  not  almost  indestructible.  The  presence  of 
acid,  by  restraining  the  productive  powers  of  the  Soil,  has  in  a 
great  measure  saved  it  from  exhaustion ;  and  after  a  course  of 
cropping  which  would  have  utterly  ruined  soils  much  better  con- 
stituted, the  powers  of  our  acid  land  remain  not  greatly  impaired, 
though  dormant,  and  ready  to  be  called  into  action  by  merely  being 
relieved  of  its  acid  quality.  A  few  crops  will  reduce  a  new  acid 
field  to  so  low  a  rate  of  product,  that  it  scarcely  will  pay  for  its 
cultivation ;  but  no  great  change  is  afterwards  caused,  by  continu- 
ing scourging  tillage  and  grazing,  for  fifty  years  longer.  Thus  our 
acid  soils  have  two  remarkable  and  opposite  qualities,  both  pro- 
ceeding from  the  same  cause  :  they  can  neither  be  enriched  by  ma- 
nure, nor  impoverished  by  cultivation,  to  any  great  extent.  Quali- 
ties so  remarkable  deserve  all  our  powers  of  investigation;  yet 
their  very  frequency  seems  to  have  caused  them  to  be  overlooked; 
and  our  writers  on  agriculture  have  continued  to  ur^e  those  who 
seek  improvement  to  apply  precepts  drawn  from  English  authors, 
to  soils  which  are  totally  different  from  all  those  for  which  their 
instructions  were  intended.* 


[*  Confirmatory  testimony.— ProtesaoT  Johnston  affirms  that  lime  is  indis- 
pensable to  the  fertility  of  soils,  as  I  have  done.  But  he  goes  still  farther 
than  what  is  true,  at  least  as  to  America,  in  the  following  passage-  "  The 
results  of  all  the  analyses  hitherto  made  of  soils  naturally  fertile  show 
that  lime  is  uniTersally  present.  The  percentage  of  lime  in  a  soil  may  be 
very  small,  yet  it  can  always  be  detected  when  valuable  and  healthy  crops 
will  grow  upon  it.     Thus  the  fertile  soil  of  the 
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Marsh  lands  of  Holstein  contains  0,2  per  cent,  of  carbonate  of  lime. 

Salt  marsh  in  East  Friesland    .     0.6         "  " 

Rich  pasture  near  Durham      .     1.31         ■■  '" 

But  though  the  percentage  of  lime  in  these  cases  appears  small,  the  ab- 
solute quantity  of  lime  present  in  the  land  is  still  large.  Thus,  suppose 
the  first  of  these  soils,  which  contains  the  least,  to  be  only  six  inches  deep, 
and  each  cubic  foot  to  weigh  only  80  lbs. — it  would  contain  about  3500  lbs. 
of  carbonate  of  lime  to  every  acre." — Though  the  author  at  first  speaks  of 
"lime"  as  universally  present  in  very  fertile  soils,  it  is  clear,  from  the  con- 
text, that  he  meant  carbonate  of  lime.  In  succeeding  passages  he  claims 
the  presence  of  lime  in  all  producing  soils,  upon  the  same  grounds  that  I 
did,  viz. :  the  presence  of  lime  in  all  ashes  of  plants.  (Johnston's  Lectures, 
pp.  378-9.) 

It  is  interesting  to  compare  this  recent  admission  of  Johnston,  of  even 
more  than  I  claimed  (or  would  admit),  and  the  now  general  acceptation  of 
the  true  doctrine,  with  the  following  expressions  of  the  late  J.  C.  Loudon, 
perhaps  then  the  highest  agricultural  authority  in  England,  if  not  in  all 
Eprope.  Both  the  passages  were  editorial,  in  his  "Gardener's  Magazine" 
for  1836.  The  first  is  part  of  a  short  notice  of  the  first  edition  of  this 
essay  (of  1832),  which  had  been  "pirated,"  garbled,  and  disguised  by  the 
editor  of  the  "  British  Farmer's  Magazine,"  and  so  published,  as  if  a  com- 
munication to  that  periodical.  In  this  notice  Mr.  Loudon  copies  the  heads 
of  my  five  propositions,  and  says — "  These  propositions  contain  the  mar- 
row of  the  Essay,  which  is  closely  reasoned,  and  in  several  particulars 
original.  Mr.  Kuffiu  has  the  merit  of  first  pointing  out  that  there  can  be 
no  such  thing  as  naturally  fertile  soil  without  the  presence  of  calcareous 
earth  ;  but  where  this  earth  is  present,  the  soil,  however  exhausted  it  may 
have  been  by  culture,  will,  when  left  to  itself,  after  a  time  regain  its  origi- 
nal fertility  ;  that  soils  which  contain  no  calcareous  earth  are  never  found 
naturally  fertile,  ....  and  that  all  that  art  can  do  to  them,  exclusive  of 
adding  calcareous  earth,  is  to  force  crops  by  putrescent  manures  ;  but  that 
when  these  manures  are  withheld,  the  soil  wiH  speedily  revert  to  its  origi- 
nal sterility.  Mr.  Euffin  observes  that  no  agricultural  or  chemical  writer 
ever  denied  these  facts ;  but,  he  asserts,  and  we  think  with  truth,  that  by 
not  one  of  them  have  they  ever  been  distinctly  stated.  We  are  not  quite 
certain  as  to  Grisenthwaite,  but  we  are  so  as  to  Kirwan,  Dundonald,  Davy, 
Chaptal,  and  other  agricultural  chemists  of  the  continent.  ...  It  is  due  to 
Mr.  Ruffin  to  state  it  as  our  opinion,  that  he  has  performed  a  very  important 
service  to  the  scientific  agricultiirist  in  this  country,  as  well  as  in  America." 

And  again,  in  a  subsequent  long  editorial  article,  noticing  all  the  im- 
portant and  valuable  discoveries  or  new  improvements  in  agriculture  during 
the  preceding  year,  Mr.  Loudon  says — 

"In  agricultural  science,  the  only  point  that  we  can  recollect  worthy  of 
notice,  that  has  occurred  during  the  past  year,  is  the  advancement  of  the 
principle  by  the  American  agricultural  writer,  Mr.  Ruffin,  that  no  soil 
whatever  will  continue  fertile  for  any  length  of  time  that  does  not  contain 
calcareous  matter.  This  we  believe  was  never  distinctly  stated  as  a  prin- 
ciple by  Kirwan,  Chaptal,  Davy,  or  any  other  European  chemist  or  agri- 
culturist. "—1 849.  ] 


CHAPTER  Vni. 

THE    MODE   OF   OPERATION    BY    WHICH    CALCAREOUS    EARTH    IN- 
CREASES THE  FERTILITY  AND  PRODUCTIVENESS  OP  SOILS. 

Proposition  3. — The  fertiliziihg  effects  of  ccdcareous  earth  are 
chiefly  produced  hy  its  power  of  neutralizing  acids,  and  of  conv- 
lining  putrescent  manures  with  soils,  between  which  there  would 
otherwise  he  but  little,  if  any,  chemical  attraction. 

Proposition  4. — Poor  and  a/dd  soils  cannot  be  improved  durably y 
or  profitably,  by  pMtrescent  manures,  without  previously  making 
them  calcareous,  and  thereby  correcting  the  defect  in  their  con- 
stitution. 

It  has  already  been  made  evident  that  the  presence  of  calcareous 
earth  [in  small  proportion,  or  not  in  too  great  excess],  in  a  natural 
soil,  causes  great  and  durable  fertility.  But  it  still  remains  to  be 
determined,  to  what  properties  of  this  earth  its  peculiar  fertilizing 
effects  are  to  be  attributed. 

Chemistry  has  taught  that  silicious  earth,  in  any  state  of  divi- 
sioti,  attracts  but  slightly,  if  at  all,  any  of  the  parts  of  putrescent 
animal  and  vegetable  matters.*  But  even  if  any  slight  attraction 
really  exists  when  this  earth  is  minutely  divided  for  experiment  in 
the  laboratory  of  the  chemist,  it  cannot  be  exerted  by  silicious 
sand  in  the  usual  form  in  which  nature  gives  it  to  soils  ;  that  is, 
in  particles  comparatively  coarse,  loose,  and  open,  and  yet  each 
particle  impenetrable  to  any  liquid,  or  gaseous  fluid,  that  might  be 
passing  through  the  vacancies.  Henee,  silicious  earth  can  have 
no  power,  chemical  or  mechanical,  either  to  attract  enriching 
manures,  or  to  preserve  them  when  actually  placed  in  contact  and 
intermixed  with  them ;  and  soils  in  which  the  qualities  of  this 
earth  greatly  predominate,  must  give  out  freely  all  enriching  mat- 
ters which  they  may  have  received,  not  only  to  a  growing  crop,  but 
to  the  sun,  air,  and  water,  so  as  soon  to  lose  the  whole.  No  por- 
tion of  putrescent  matter  can  remain  longer  than  the  completion 
of  its  decomposition ;  and  if  not  arrested  during  this  process,  by 
the  roots  of  living  plants,  all  will  escape  in  the  form  of  gas  (the 
latest  products  of  decomposition),  into  the  air,  without  leaving  a 
trace  of  lasting  improvement.  With  a  knowledge  of  these  pro- 
perties, we  need  not  resort  to  the  common  opinion  that  manure  is 


*  Daly's  Agr.  Chem.  page  129. 

(92) 
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lost  by  sinking  through  aandy  soils,  to  account  for  its  usually  rapid 
and  total  disappearance.* 

Aluminous  earth,  by  its  closeness,  mechanically  excltdes  those 
agents  of  decomposition,  heat,  air,  and  moisture,  which  sand  so 
freely  admits ;  and  therefore  clay  soils,  in  which  this  earth  pre- 
dominates, give  out  manure  much  more  slowly  than  sand,  whether 
for  waste  or  for  use.  The  practical  effect  of  this  is  universally 
understood — that  clay  soils  retain  manure  much  longer  than  sand, 
but  require  much  heavier  applications  to  show  as  much  effect  early, 
or  at  once.  JBut  as  this  means  of  retaining  manure  is  altogether 
mechanical,  it.  serves  only  to  delay  both  its  use  and  its  waste. 

*  Except  the  very  small  proportions  of  earthy,  saline,  and  metallic  mat- 
ters that  may  be  in  animal  and  vegetable  manures,  the  whole  remainder  of 
their  bulk  (and  the  whole  of  whateTer  can  feed  plants)  is  composed  of 
different  elements  which  are  known  only  in  the  forms  of  gases  — into  which 
manures  must  be  finally  resolved,  after  going  through  all  the  various  stages 
of  fermentation  and  decomposition.  So  far  from  sinking  in  the  earth,  if  in 
quantity,  these  final  results  could  not  be  possibly  confined  there,  but  must 
escape  into  the  atmosphere  as  soon  as  they  take  a  gaseous  form,  unless 
immediately  taken  up  by  the  organs  of  growing  plants,  [or  unless  held  by 
the  soil's  absorbing  chemical  power.]  It  is  probable,  however,  that  but  a 
small  portion  of  any  dressing  of  manure  remains  long  enough  in  the  soil 
to  make  this  final  change ;  and  that  nearly  all  of  it  is  used  by  growing 
plants,  during  previous  changes,  or  carried  off  by  air  and  water.  [During 
the  progress  of  the  many  changes  caused  by  fermentation  and  decomposi- 
tion, every  portion  of  the  manure  fit  for  use,  becomes  soluble.  When  in 
the  soluble  state  only,  it  is  ready  for  the  use  of  plants ;  and  if  not  then  so 
used,  is  as  ready  to  be  wasted,  if  the  soil  has  not  enough  of  attracting  and 
combining  power  to  hold  the  soluble  products.  1  infer  that  it  depends 
mainly,  if  not  entirely,  on  the  presence  or  absence  of  such  chemical  power 
in  a  aandy  soil,  with  also  a  sandy  or  other  pervious  sub-soil,  whether  the 
soluble  products  of  putrescent  manures  are  lost  by  sinking.  If  there  is 
not  enough  such  power  in  the  soil — (that  is,  if  it  contains  very  little  lime 
in  any  state) — and  there  is  too  much  manure  in  a  soluble  state  for  the  roots 
of  growing  plants  to  take  up  immediately,  then  the  remainder  will  be  dis- 
solved in  the  first  rain,  and  foEow  the  course  of  the  escess  of  water, 
whether  to  flow  off  the  surface,  or  to  sink  deep  into  the  sub-soil.  Of  so 
much  as  thus  sinks,  the  further  decomposition  and  final  conversion  to  gases 
must  be  retarded  by  the  greater  seclusion  from  heat  and  air.  In  the  mean 
time,  the  substance  continues  to  be  soluble,  and  liable  to  be  again  carried 
deeper,  by  successive  heavier  rains,  until,  with  their  excess  of  water,  pene- 
trating to  the  sources  of  springs,  either  temporary  or  permanent,  and  thus 
passing  into  the  streams.  We  know  that  springs  are  thus  supplied  by  the 
rains,  and  that  their  waters  are  in  many  cases  polluted  by  organic  as  well 
as  mineral  soluble  matters.  This  waste  by  sinking,  even  of  the  fertile 
parts  of  natural  or  unmanured  soil,  is  manifest  on  tilled  land  of  which  the 
pervious  siib-soil  needs  and  ias  failed  to  receive  drainage.  In  such  cases, 
the  water  below  is  oozing  away  after  every  wet  spell ;  and  sometimes  the 
SOU  disappears  as  if  washed  away,  though  having  nearly  a  level  snrfaqe. 
The  dark-coloured  organic  and  alimentary  parts  only  have  been  thus  re- 
moved, leaving  that  which  had  been  soil  as  poor  as  its  sub-soil. — 1849.  j 
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Aluminous  earth  also  exerts  some  chemical  power  in  attracting 
and  combining  with  putrescent  manures,  but  too  feebly  to  enable 
a  clay  soil  to  become  rich  by  natural  means.  [For  though  clays 
are  able  to  exert  more  force  than  sands  in  holding  manures,  their 
closeness  also  acts  to  deny  admittance  beneath  the  surface  to  the 
enriching  matters  furnished  by  the  growth  and  decay  of  plants. 
And  therefore,  before  being  brought  into  cultivation,  a  poor  clay 
soil  would  derive  scarcely  any  benefit  from  its  small  power  of  com- 
bining chemically  with  putrescent  matters.  If  then  it  is  con- 
sidered how  small  is  the  power  of  both  silicious  and  aluminous 
earths  to  receive  and  retain  putrescent  manures,  it  will  cease  to 
cause  surprise  that  such  soils  cannot  be  thus  enriched,  with  profit, 
if  at  all.  It  would  indeed  be  strange  and  unaccountable,  if  earths 
and  soils  thus  constituted  could  be  enriched  by  putrescent  manures 
alone. — 1835.] 

Davy  states  that  both  aluminous  and  calcareous  earth  will  combine 
with  any  vegetable  extract,  so  as  to  render  it  less  soluble  (and  con- 
sequently not  subject  to  the  waste  that  would  otherwise  take  place), 
and  hence  "  that  the  soils  which  contain  most  alumina  and  carbo- 
nate of  lime,  are  those  which  act  with  the  greatest  chemical  energy 
in  preserving  manures."  Here  is  high  authority  for  calcareous 
earth  possessing  the  power  which  my  argument  demands,  but  not 
in  so  great  a  degree  as  I  think  it  deserves.  Davy  apparently  places 
both  earths  in  this  respect  on  the  same  footing,  and  allows  to 
aluminous  soils  retentive  powers  equal  to  the  calcareous.  But 
though  he  gives  evidence  (from  chemical  experiments)  of  this 
power  in  both  earths,  he  does  not  seem  to  have  investigated  the 
difference  of  their  forces.  Nor  could  he  deem  it  very  important, 
holding  the  opinion  which  he  elsewhere  expresses,  that  calcareous 
earth  acts  "  merely  by  forming  a  useful  earthy  ingredient  in  the 
soil,"  and  consequently  attributing  to  it  no  remarkable  chemical 
effects  as  a  manure.  I  shall  offer  some  reasons  for  believing  that 
the  powers  of  attracting  and  retaining  manure,  possessed  by  these 
two  earths,  differ  greatly  in  their  degrees  of  force. 

The  aluminous  and  calcareous  soils  of  this  country,  through  the 
whole  of  their  virgin  state,  have  had  equal  means  of  receiving 
vegetable  matter ;  and  if  their  powers  for  retaining  it  were  nearly 
equal,  so  would  be  their  acquired  fertility.  Instead  of  this,  while 
the  calcareous  soils  have  been  raised  to  the  highest  condition,  many 
of  the  tracts  of  clay  soil  remain  the  poorest  and  most  worthless. 
It  is  true  that  the  one  laboured  under  acidity  from  which  the  other 
was  free.  But  if  we  suppose  nine-tenths  of  the  vegetable  matter 
to  have  been  rendered  useless  by  that  poisonous  quality,  the  re- 
maining tenth,  applied  for  so  long  a  time,  would  have  made  fertile 
any  soil  that  had  the  power  to  retain  the  enriching  matter. 

[Many  kinds  of  shells  are  partly  composed  of  gelatinous  animal 
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matter,  which,  I  suppose,  must  be  chemically  combined  with  the 
calcareous  earth,  and  by  that  means  only  is  preserved  from  the 
putrefaction  and  waste  that  would  otherwise  certainly  and  speedily 
take  place.  Indeed,  the  large  proportion  of  animal  matter  which 
thus  helps  to  constitute  some  kinds  of  shells,  instead  of  making 
them  more  perishable,  serves  to  increase  their  firmness  and  solidity. 
When  long  exposure,  as  in  fossil  shells,  has  destroyed  all  animal 
matter,  the  texture  of  the  calcareous  substance  is  greatly  weakened. 
A  simple  experiment  will  serve  to  separate,  and  make  manifest  to 
the  eye,  the  animal  matter  which  is  thus  combined  with  and  pre- 
served by  the  calcareous  earth.  If  a  fresh-water  mussel-shell  is 
kept  for  some  days  immersed  in  a  weak  mixture  of  muriatic  acid 
and  water,  all  the  calcareous  part  will  be  gradually  dissolved, 
leaving  the  animal  matter  so  entire,  as  to  appear  still  to  be  a  whole 
shell — but  which,  when  lifted  from  the  fluid  which  supports  it, 
will  prove  to  be  entirely  a  flaccid,  gelatinous,  and  putrescent  sub- 
stance, without  a  particle  of  calcareous  matter  being  left.  Yet 
this  substance,  which  is  so  highly  putrescent  when  alone,  would 
have  been  preserved  in  combination  with  calcareous  matter,  in  the 
shell,  for  many  years,  if  exposed  to  the  usual  changes  of  air  and 
moisture  j  and  if  secured  from  such  changes,  would  be  almost  im- 
perishable.— 1835.] 

Calcareous  earth  has  powet  to  preserve  those  animal  matters 
which  are  most  liable  to  waste,  and  which  give  to  the  sense  of 
smell  full  evidence  when  they  are  escaping.  Of  this,  a  striking 
example  is  furnished  by  an  experiment  which  was  made  with  care 
and  attention.  The  carcase  of  a  cow,  that  was  killed  by  accident 
in  May,  was  laid  on  the  surface  of  the  earth,  and  covered  with 
about  seventy  bushels  of  finely  divided  fossil  shells  and  earth 
(mostly  silicious),  their  proportions  being  as  thirty-six  of  calcare- 
ous, to  sixty-four  of  silicious  earth.  After  the  rains  had  settled 
the  heap,  it  was  only  six  inches  thick  over  the  highest  part  of  the 
carcass.  The  process  of  putrefaction  was  so.  slow,  that  several 
weeks  passed  before  it  was  over ;  nor  was  it  ever  so  violent  as  to 
throw  off  any  effluvia  that  the  calcareous  earth  did  not  intercept 
in  its  escape,  so  that  no  offensive  smell  was  ever  perceived.  In 
October,  the  whole  heap  was  carried  out  and  applied  to  one-sixth 
of  an  acre  of  wheat — and  the  effect  produced  far  exceeded  that  of 
the  like  calcareous  manure  alone,  which  was  applied  at  the  same 
rate  on  the  surrounding  land.  No  such  power  as  this  experiment 
indicated  (and  which  I  have  since  repeated  in  various  modes,  and 
always  with  like  results),  will  be  obtained,  or  expected,  from  using 
clay  as  the  Covering  earth. 

Quick-lime  is  used  to  prevent  the  escape  of  offensive  effluvia 
from  animal  matter;  but  its  operation  is  entirely  different  from 
that  of  calcareous  earth.   The  former  effects  its  object  by  "  eating" 
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or  decomposing  the  animal  substance  (and  nearly  destroying  it  as 
manure),  before  putrefaction  begins.  The  operation  of  calcareous 
earth  is  to  moderate  and  retard,  but  not  to  prevent  putrefaction ; 
not  to  destroy  the  animal  matter,  but  to  preserve  it  effectually,  by- 
forming  new  combinations  with  the  products  of  putrefaction.  This 
important  operation  will  be  treated  of  more  fully  in  a  subsequent 
chapter. 

The  power  of  calcareous  earth  to  combine  with  and  retain  putres- 
cent manure,  implies  the  power  of  fixing  them  in  any  soil  to 
which  both  are  applied.  The  same  power  will  be  equally  exerted 
if  the  putrescent  manure  is  applied  to  a  soil  which  had  previously 
been  made  calcareous,  whether  by  nature,  or  by  art.  When  a 
chemical  combination  is  formed  betweefn  the  two  kinds  of  manure, 
the  one  is  necessarily  as  much  fixed  in  the  soil  as  the  other. 
Neither  air,  sun  or  rain,  can  then  waste  the  putrescent  manure,  be- 
cause neither  can  take  it  from  the  calcareous  earth,  with  which  it 
is  chemically  combined.  Nothing  can  effect  the  separation  of  the 
parts  of  this  compound  manure,  except  the  attractive  power  of 
growing  plants — which,  as  all  experience  shows,  will  draw  their 
food  from  this  combination  as  fast  as  they  require  it,  and  as  easily 
as  from  sand.  The  means  then  by  which  calcareous  earth  acts  as 
an  improving  manure  are,  completely  •preserving  putrescent  manures 
from  waste,  and  yidding  them  freely  for  use.  These  particular 
benefits,  however  great  they  may  be,  cannot  be  seen  very  quickly 
after  a  soil  is  made  calcareous,  but  will  increase  with  time,  and, 
with  the  means  for  obtaining  vegetable  matters,  until  their  accu- 
mulation is  equal  to  the  soil's  power  of  retention.  The  kind,  or 
the  source,  of  enriching  ifianure,  does  not  alter  the  process  de- 
scribed. The  natural  growth  of  the  soil,  left  to  die  and  rot,  or 
other  putrescent  manures  collected  and  applied,  would  alike  be 
seized  by  the  calcareous  earth,  and  fixed  in  the  soil. 

This,  the  most  important  and  valuable  operation  of  calcareous 
earth,  then  gives  nothing  to  the  soil ;  but  only  secures  other  ma- 
nures, and  gives  them  wholly  to  the  soil.  In  this  respect,  the 
action  of  calcareous  earth  in  fixing  manures  in  soils,  is  precisely 
like  that  of  mordants  in  "setting"  or  fixing  colours  on  cloth. 
When  alum,  for  example,  is  used  by  the  dyer  for  this  purpose,  it 
adds  not  the  slightest  tint  of  itself— but  it  holds  to  the  cloth,  and 
also  to  the  otherwise  fleeting  dye,  and  thus  fixes  them  permanently 
together.  Without  the  mordant,  the  colour  might  have  been 
equally  vivid,  but  would  be  lost  by  the  first  wetting  of  the  cloth. 

[Thus,  reasoning  a  priori  from  that  chemical  power  possessed 
by  calcareous  earth,  which  is  wanting  to  both  sandy  and  clayey 
earths,  would  lead  to  the  conclusion  that  calcareous  earth  serves  to 
combine  putrescent  matters  with  the  soil  in  general-  and  the 
known  results  of  fertility  being  therein  so  fixed,  might  serve  for 
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the  like  proof,  eyen  without  the  other  course  of  reasoning.  There 
is  still  another  proof  of  this  combination  being  formed,  which  is  ob- 
tained by  a  chemical  process,  but  which  is  so  simple  that  no  chemi- 
cal science  is  requisite  to  make  the  trial. 

If  a  specimen  of  any  naturally  poor  soil,  after  being  dried  and 
reduced  to  powder,  be  agitated  in  a  vessel  of  water  (as  a  common 
drinking  glass),  and  then  allowed  to  stand  still,  the  coarser  sili- 
cious  sand  will  subside  first^  the  finer  sand  next,  and  last  the  clay. 
In  this  manner,  and  by  pom-ing  oflF  the  lighter  parts,  before  their 
subsidence,  it  is  very  easy  to  separate  with  sufficient  accuracy  the 
sand  from  the  clay.  But  if  a  specimen  of  a  good  rich  neutral  soil 
be  tried  m  that  manner,  it  will  be  found  that  the  finest  sand  and 
the  clay  and  putrescent  matter  hold  together  so  closely  that  they 
cannot  be  separated  by  mere  agitation  in  water.  Then  take  another 
sample  of  the  same  soil,  and  pour  to  it  a  small  quantity  of  diluted 
muriatic  acid ;  and  though  no  effervescence  is  produced  (the  lime 
not  being  in  the  form  of  carbonate),  the  acid  will  take  away  the 
lime,  or  destroy  its  combination  with  the  other  earths,  so  that  the 
sand  and  the  clay  may  then  be  separated  by  agitation  in  water,  as 
perfectly  and  easily  as  in  the  case  of  the  poorest  soils.  This  dif- 
ference between  good  and  bad  soils  (whether  light  or  stiff),  or  those 
naturally  rich  and  those  naturally  poor,  cannot  escape  the  observa- 
tion of  the  young  experimenter;  and  the  cause  can  be  no  other 
than  what  I  have  supposed.  This  then  serves  as  the  third  mode 
of  proof  of  the  important  position,  that  calcareous  earth  (or  lime 
in  some  other  form)  not  only  combines  with  vegetable  and  animal 
matters,  but  also  serves  (as  a  connecting  link)  to  combine  these 
matters  with  the  sand  and  clay  of  the  soil. — 1842.] 

The  next  most  raluable  property  of  calcareous  manures  for  the 
improvement  of  soil  is  their  power  of  neutralizing'  acids,  which 
has  already  been  incidentally  brought  forward  in  the  preceding 
chapter.  According  to  the  views  already  presented,  even  our 
poorest  cultivated  soils  contain  more  vegetable  matter  than  they 
can  beneficially  use  ;  and  when  first  cleared,  they  have  it  in  great 
excess.  So  antiseptic  is  the  acid  quality  of  poor  woodland,  that 
before  the  crop  of  leaves  of  one  year  can  entirely  rot,  two  or  three 
others  will  have  fallen;  and  there  are  always  enough,  at  any  one 
time,  to  greatly  enrich  the  soil,  if  the  leaves  could  be  rotted  and 
fixed  in  it  at  once. 

[This  alleged  antiseptic  effect  of  vegetable  acid  in  our  soils  re- 
eeives  strong  support  from  the  facts  established  with  regard  to  peat 
soils,  in  which  vegetable  acids  have  been  discovered  by  chemical 
analysis ;  and  though  the  peat  or  moss  soils  of  Britain  diffei* 
entirely  from  any  soils  in  eastern  Virginia  (except  that  of  the 
great  Dismal  Swamp,  the  only  extensive  peat  bog  known),  still  some 
facts  relating  to  the  former  class  may  throw  light  on  the  properties 
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of  our  own  soils,  different  as  they  may  be.  Not  only  does  vegeta- 
ble  matter  remain  without  putrefaction  in  peat  soils  and  bogs,  and 
serve  to  increase  their  depth  by  regular  accretions  from  the  succes- 
sive annual  growths,  but  even  the  bodies  of  beasts  and  men  have 
been  found  unchanged  under  peat,  many  years  after  they  had  been 
covered.*  It  is  well  known  that  the  leaves  of  trees  rot  very 
quickly  on  the  rich  lime-stone  soils  of  the  Western  States  (neutral 
soils),  while  the  successive  crops  of  several  years'  growth,  in  the 
different  stages  of  their  slow  decomposition,  may  be  always  found 
on  the  acid  woodland  of  lower  Virginia. 

The  presence  of  acid  in  soils,  by  preventing  or  retarding  putre- 
faction, keeps  the  vegetable  matter  inert,  and  even  hurtful  on  cul- 
tivated land ;  and  the  crops  are  still  further  injured  by  taking  up 
this  poisonous  acid  with  their  nutriment.  A  sufficient  quantity 
of  calcareous  earth,  mixed  with  such  a  soil,  will  immediately 
neutralize  the  acid,  and  destroy  its  powers ;  and  the  soil,  released 
from  this  baneful  influence,  will  be  rendered  capable,  for  the  first 
time,  of  using  the  fertility  which  it  really  possessed.  The  benefit 
thus  produced  is  almost  immediate ;  but  though  the  soil  will  show ' 
a  new  vigour  in  its  earliest  vegetation,  and  may  even  double  its  first 
crop,  yet  no  part  of  that  increased  product  is  due  to  the  direct 
operation  of  the  calcareous  manure,  but  merely  to  the  removal  of 
.  acidity.  The  calcareous  earth,  in  such  a  case,  has  not  made  the 
soil  richer  in  the  slightest  degree,  but  has  merely  permitted  it  to 
.bring  into  use  the  enriching  principles  it  had  before,  and  which 
-were  concealed  by  the  acid  character  of  the  soil.  It  will  be  a 
dangerous  error  for  the  farmer  to  suppose  that  calcareous  earth  can 
■  enrich  soil  by  direct  means.  It  destroys  the  worst  foe  of  produc- 
itiveness,  and  uses  to  the  greatest  advantage  the  fertilizing  powers 
•  of  other  manures;  but  of  itself  it  gives  no  fertility  to  soils,  nor 
does  it  furnish  the  least  food  to  growing  plants. f 

These  two  kinds  of  action  are  by  far  the  most  powerful  of  the 
-means  possessed  by  calcareous  earth  for  fertilizing  soils.  It  has 
another  however  of  great  importance — or  rather  two  others,  which 
/may  be  best  described  together  as  the  power  of  altering  the  texture 
and  dbsorbency  of  soils. 

At  first  it  may  seem  impossible  that  the  same  manure  can  pro- 
duce such  opposite  effects  on  soils  as  to  lessen  the  faults  of  being 
either  too  sandy  or  too  clayey — and  the  evils  occasioned  by  both 
'the  want  and  the  excess  of  moisture.     Contradictory  as  this  may 


,*  See  Alton's  Essay  on  Moss  Eartli,  republished  in  Farmers'  Register, 
tvol.  v.,  p.  462. 

[■j-  Confirmation.— Li-m^  "neutralizes  acid  substances,  which  are  naturally 
;  formed  in  the  soil,  and  decomposes  or  renders  harmless  other  noxious  eom- 
, pounds  which  are  not  unfrequcntly  within  reach  of  the  roots  of  plants."' 
Johnston's  Agr.  Chem.  p.  400.] 
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appear,  it  is  strictly  triie  as  to  calcareous  earth.  In  common  with 
clay,  calcareous  earth  possesses  the  power  of  making  sandy  soils 
more  close  and  firm — and  in  common  with  sand,  the  power  of 
making  clay  soils  lighter,  or  more  open  and  mellow.  When  sand 
and  clay  thus  alter  the  textures  of  soils,  their  operation  is  alto- 
gether _  mechanical ;  but  calcareous  earth  must  exert  chemical 
action  in  producing  such  effects,  as  its  power  is  very  far  greater 
than  that  of  either  sand  or  clay.  A  very  great  quantity  of  clay 
would  be  required  to  stiffen  a  sandy  soil  perceptibly,  and  still  more 
sand  would  be  necessary  to  make  a  clay  soil  much  lighter — so  that 
the  cost  of  such  improvement  would  generally  exceed  the  benefit 
obtained.  Par  greater  effects  on  the  texture  of  soils  are  derived 
from  much  less  quantities  of  calcareous  earth,  besides  obtaining 
the  more  valuable  operation  of  its  other  powers.* 

Every  substance  that  is  open  enough  for  air  to  enter,  and  the 
particles  of  which  are  not  absolutely  impenetrable,  must  absorb 
moisture  from  the  atmosphere.  Aluminous  earth,  reduced  to  an 
impalpable  powder,  has  strong  absorbing  powers.  But  this  is  not 
the  form  in  which  such  soils  can  act — and  a  close  and  solid  clay 
will  scarcely  admit  the  passage  of  air  or  water,  and  therefore  can- 
not absorb  much  moisture  except  by  its  surface.  Through  sandy 
soils,  the  air  passes  freely ;  but  most  of  its  particles  are  impene- 
trable by  moisture,  and  therefore  these  soils  are  also  extremely 
deficient  in  absorbent  power.  Calcareous  earth,  by  rendering  clay 
more  open  to  the  entrance  of  air,  and  closing  partially  the  too 
open  pores  of  sandy  soils,  increases  the  absorbent  powers  of  both. 
To  increase  that  power  in  any  soil,  is  to  enable  it  to  draw  supplies 
of  moisture  from  the  air,  in  the  dryest  weather,  and  to  resist  more 
strongly  the  waste  by  evaporation  of  light  rains.  A  calcareous 
soil  will  so  quickly  absorb  a  hasty  shower  of  rain  as  to  appear  to 
have  received  less  than  adjoining  land  of  different  character ;  and 
yet  if  observed  in  summer,  when  under  tillage,  some  days  after  a 
rain,  and  when  other  adjacent  land  appears  dry  on  the  surface,  the 
part  made  calcareous  will  still  show  the  moisture  to  be  yet  remain- 
ing, by  its  darker  colour.  All  the  effects  from  this  power  of  calca- 
reous manures  may  be  observed  within  a  few  years  aft«r  their  ap- 
plication— though  none  of  them  so  strongly  marked,  as  they  are 
on  lands  made  calcareous  by  nature,  and  in  which  time  has  aided 
and  perfected  the  operation.  These  soils  present  great  variety  in 
their  proportions  of  sand  and  clay  ;  yet  the  most  clayey  is  friable 
enough,  and  the  most  sandy  firm  and  close  enough,  to  be  considered 
soils  of  good  texture;  and  they  resist  the  extremes  of  both  wet 

[*  Professor  Johnston  confirms  this  remarkable  power  of  calcareous 
manures  to  make  clay  soils  lighter,  and  light  soils  more  close ;  but  (strangely 
enough),  ascribes  these  opposite  operations  to  the  physical  or  mechanical 
action  of  lime.  (P.  400,  Agr.  Chem.)— 1849.] 
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and  dry  seasons,  better  than  any  other  soik  whatever.  Time,  and 
the  increase  of  vegetable  matter,  will  bring  those  qualities  to  the 
same  perfection  in  soils  made  calcareous  by  artificial  means,  as 
they  are  in  soils  made  calcareous  by  nature. 

The  subsequent  gradual  accumulation  of  vegetable  or  other 
putrescent  matter  in  the  soil,  by  the  combining  or  fixing  power 
of  calcareous  earth,  must  have  yet  another  beneficial  efiect  on 
vegetation.  The  soil  is  thereby  made  darker  in  colour,  and  it  con- 
sequently is  made  warmer,  by  more  freely  absorbing  the  rays  of 
the  sun.  [This  must  cause  earlier  ripening  of  all  the  vegetable 
growths.] 

[There  is  another  power  or  function  of  lime  in  soil,  indispensa- 
ble to  the  perfection,  healthy  growth,  and  perhaps  even  to  the  ex- 
istence of  every  plant ;  and  which  has  already  been  considered  as 
a  proof  of  neutral  soils.  This  is  to  supply,  through  the  roots,  to 
every  growing  plant  some  lime  in  soluble  state  which  will  remain 
fixed  in  the  plant.  This  quantity  varies  with  the  kind  of  plant, 
and  its  wants  in  different  stages  of  growth ;  and  however  varying 
in  different  kinds  of  plants,  even  when  most  abundant,  it  is  always 
very  small  in  proportion  to  the  other  (organic)  matters  taken  up 
by  and  retained  in  the  substance  of  plants.  By  reducing  the  plant 
to  ashes  only  can  the  lime  taken  up  by  the  roots  be  found,  and  the 
proportion  to  the  ashes  and  to  the  former's  vegetable  substance  be 
known. 

It  may  be  perhaps  deemed  a  contradiction,  or  drawing  a  distinc- 
tion where  there  is  no  real  difference,  to  affirm  the  absolute  necessity 
of  every  plant  receiving  through  its  roots,  a  certain  proportion  of 
lime,  however  minute,  and  yet  denying  that  lime  serves  as  food  for 
plants.  I  admit  the  difficulty  of  clearly  discriminating  by  defini- 
tion between  the  two  functions.  Still,  there  is  great  difference 
between  the  manner  and  results  of  the  supply  of  lime  to  plants, 
and  of  the  aliment  which  they  draw  from  putrescent  manures, 
humus,  or  other  soluble  organic  matter.  According  to  the  quantity 
of  soluble  putrescent  manure  supplied  to  or  naturally  in  a  soil 
(unless  so  enormous  as  to  be  hurtful),  so  will  be  the  quantity  of 
the  (earliest  vegetable  growth  thereon.  But  if  a  soil  has  been  so 
moderately  supplied  with  lime,  as  to  be  barely  rendered  neutral, 
the  subsequent  addition  of  any  greater  quantity  of  lime  will  add 
nothing  directly,  or  speedily,  to  the  production  of  grain  or  other 
ordinary  crops — nor  to  the  quantity  of  lime  taken  up  by  the  whole 
of  such  succeeding  growth.  If  a  soil  so  destitute  of  organic  mat- 
ter— such  as  is  recognised  by  all  as  furnishing  food  to  plants — as 
to  be  nearly  barren,  is  supplied  properly  and  profusely  with  putres- 
cent manures,  the  next  growth  of  vegetables  may  be  remarkable 
for  luxuriance  and  heavy  product.  But  if  this  rich  supply  of  food 
had  been  entirely  withheld,  and  lime  or  calcareous  earth  given 
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instead,  in  any  quantity,  either  a  very  slight  increase  of  productive 
power,  or  none  at  all,  would  bS  shown  in  the  next  immediately 
succeeding  attempt  to  produce  a  crop  thereon.  Whether  then  it  be 
cdrrect  to  consider  lime  as  food  for  plants,  or  not,  it  is  all-important 
that  farmers  should  act,  in  applying  calcareous  inanures,  as  if  they 
thereby  furnished  no  food  whatever  to  plants  in  the  direct  manner 
that  is  done  by  dung.  Arid  great  as  is  this  error  of  the  opposite 
opinion,  it  has  had  extensive  influence  and  very  injurious  conse- 
quences. In  the  greater  number  of  cases,  where  ignorant  farmers 
have  just  arrived  at  the  before  unknown  truth  that  calcareous  ma- 
nures are  of  benefit  to  crops  and  land,  they  proceed  immediately 
to  the  false  conclusion  that  they  will  produce  benefit  in  the  same 
manner  as  putrescent  manures ;  and  they  apply  them  by  the  same 
rules  and  to  similar  soils,  in  the  vain  expectation  of  in  like  manner 
supplying  food  to  the  crops.  Such  course  can  result  only  in  dis- 
appointment and  loss  of  means,  if  not  injury  to  the  land. 

As  has  been  stated,  all  known  plants,  not  excepting  the  acid 
kinds,  contain  some  lime,  and  therefore  it  may  safely  be  assumed 
that  some  lime  is  indispensable  to  the  growth  of  every  plant,  and 
to  even  the  lowest  productive  power  of  every  soil.  But,  for  the 
greater  number  of  plants,  the  quantity  of  lime  required  is  so  ex- 
ceedingly small,  that  they  readily  obtain  their  needed  supplies  from 
soils  the  least  supplied  by  nature  with  lime.  And  many  plants 
(like  pines  and  sorrel)  prefer  the  soils  having  such  scant  supply 
of  lime  as  to  permit  an  excess  of  acid.  Other  plants  require  com- 
paratively large  supplies,  such  as  clover,  and  all  other  of  the  legu- 
minous or  pea  tribe.  The  ashes  of  these  plants  contain  compara- 
tively very  large  proportions  of  lime.  Eed  clover,  lucerne,  and 
still  more  saiafoin,  cannot  thrive  well,  except  on  soils  largely  sup- 
plied with  Kme  in  some  state ;  though,  for  most  of  such  plants, 
perhaps  a  rich  neutral  soil  will  offer  the  requisite  supplies  of  lime 
as  well  as  if  calcareous,  or  containing  carbonate  of  lime.  Among 
trees,  locust,  papaw,  and  hackberry  (or  sugar  nut),  are  also  plants 
to  which  lime  in  considerable  quantity  in  the  soil  is  essential.  For 
all  such  plants,  lime  is  a  specific  manure;  that  is,  it  improves 
their  growth  in  a  peculiar  and  remarkable  degree,  though  none  of 
tliem  can  take  up  into  their  bodies  more  than  a  very  small  amount 
of  lime. 

The  following  list,  showing  the  proportions  of  lime  in  many 
cultivated  plants,  is  extracted  and  abridged  from  the  late  publica- 
tion of  Johnston,  who  copied  the  analyses  of  Sprengel.  The 
quantities  of  pure  lime  are  here  understood,  without  reference  to 
the  acid  (or  its  kind)  with  which  the  lime  was  combined.  1000 
parts  in  each  case  of  the  dry  vegetable  matters  are  supposed  to  be 
burnt  to  ashes,  and  the  weights  of  ashes,  and  of  the  pure  lime 
they  contain,  are  only  stated. 
9* 
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Grain  of  irlieat ' 

Straw  of  wheat 

Grain  of  barley 

Straw  of  barley 

Grain  of  oats 

Straw  of  oats 

Grain  of  rye .,     .  ^  .     .     .     . 

Straw  of  rye 

Field  bean  seed 

Do.        straw 

Field  peas  (English) 

Do.        straw 

Common  vetch  seed  [vicia  sativa)  [our  part-   \ 

ridge  pea?] / 

Straw  of  same 

Rye  grass 

Red  clover ^     .     .     .     . 

White  clover 

Lucerne 

Sainfoin 


Gives  total  of 
ashtis. 


11.77 

35.19 

23.49 

52.42 

26. 

57.5 

10.5 

28. 

21.36 

31.21 

24.64 

49.71 

29.9 

51.1 

52.86 

74.78 

91.32 

95.53 

69.57 


Of  which  there 
is  lime  (pure). 


0.96 
2.40 
1.06 
5.54 
0.86 
1.52 
1.22 
1.78 
1.65 
6>.24 
0.58 
27.30 

1.60 

19.55 
7.34 
27.80 
23.48 
48.31 
21.95 


—1849.] 

Additional  and  practical  proofs  of  all  these  powers  of  calcareous 
earth  will  he  furnished,  when  its  use  and  effects  as  manure  will  be 
stated.  I  am  persuaded,  however,  that  enough  has  already  been 
said  both  to  establish  and  account  for  the  different  capacities  of 
soils  for  improvement  by  putrescent  manures.  If  the  power  of 
fixing  manures  in  soils  has  been  correctly  ascribed  to  calcareous 
earth,  that  alone  is  enough  to  show  that  soils  containing  that  in- 
gredient, in  proper  quantities,  must  become  rich;  and  that  alumi- 
nous and  silicious  earths  mixed  in  any  proportions,  and  even  with 
vegetable  or  other  putrescent  matter  added,  can  never  form  other 
than  a  sterile  soil.* 

[*  The  several  peculiar  or  stronger  powers  for  increasing  fertility  and 
production  ascribed  above  to  calcareous  earth  in  soil,  are  those  which  were 
presented  to  my  mind  either  in  advance  of  all  practical  applications  of  the 
earth  as  manure,  or  otherwise  were  the  results  of  actual  observation 
withiq  a  few  years  after  the  commencement.  The  chemical  laws  and 
agencies  were  of  course  gathered  from  books.  The  confirmatory  facta 
were  mostly  found  in  my  observation  of  the  characters  of  natural  soils,  and 
in  the  earliest  results  of  my  calcareous  manurings.  It  is  not  necessary 
here,  and  would  scarcely  be  proper,  to  adduce  other  powers  of  calcareous 
manures,  learned  from  much  later  practical  results,  or  which  have  since 
been  presented  by  later  and  much  more  scientific  investigators.  Sundry 
other  useful  and  some  very  important  agencies  of  calcareous  earth  in  soils 
may  be  seen  in  the  "Lectures  on  the  Applications  of  Chemistry  and 
Geology  to  Agriculture,"  by  J.  F.  W.  Johnston.  It  is  gi-atifying  to  me, 
that  this  author  in  most  respects  sustains  my  doctrine ;  though  in  some 
points  we  are  entirely  opposed.     These  differences,  as  well  as  the  most  im- 


CHAPTER  IX. 

ACTION   OP   CAUSTIC  LIME   AS   MANURE. 

The  object  of  this  essay  is  to  treat  only  of  calcareous  earth  (as 
before  defined)  as  a  manure,  and  not  of  pure  caustic  lime,  nor  of 
manures  in  general.  Still  the  nature  of  that  which  is  properly  my 
subject  is  so  intimately  connected  with  some  other  kinds  of  manures, 
and  is  so  liable  to  be  confounded  with  others  which  act  very  dif- 
ferently, that  frequent  references  to  both  classes  have  been  and 
will  be  again  necessary.  To  make  such  references  more  plain  and 
useful,  some  general  remarks  and  opinions  will  now  be  submitted, 
as  to  the  peculiar  modes  of  the  operation  of  various  manures,  and 
particularly  of  lime. 

Until  now  I  have  been  careful  to  say  as  little  as  possible  oi pure 
or  quiclc-lime,  for  fear  of  my  meaning  being  mistaken,  from  the 
usual  practice  of  confounding  it  with  calcareous  earth ;  or  of  con- 
sidering both  its  first  and  later  operations  as  belonging  to  one  and 
the  same  manure.  The  connexion  between  the  manures  is  so  inti- 
mate, and  yet  their  actions  so  distinct,  that  it  is  necessary  to  mark 
the  points  of  resemblance  as  well  as  those  of  difference. 

My  own  use  of  quick  or  caustic  lime  as  a  manure  has  not  ex- 
tended beyond  a  few  acres;  and  I  do  not  pretend  to  know  any- 
thing from  experience  of  its  first  or  caustic  efiects.  But  Davy's 
simple  and  beautiful  theory  of  its  operation  carries  conviction  with 
it,  and  in  accordance  with  his  opinions  I  shall  state  the  theory,  and 
thence  attempt  to  deduce  its  proper  practical  use. 

By  a  sufficient  degree  of  heat,  the  carbonic  acid  is  driven  off 
from  shells,  lime-stone,  or  chalk,  and  the  remainder  is  pure  or 
caustic  lime.  In  this  state  it  has  a  powerful  decomposing  power 
on  all  putrescent  animal  and  vegetable  matters,  which  it  exerts  on 
every  such  substance  in  the  soils  to  which  it  is  applied  as  manure.. 
If  the  lime  thus  meets  with  solid  and  inert  vegetable  matters,  it 
hastens  their  decomposition,  renders  them  soluble,  and  brings  them 
into  use  and  action  as  manure.  But  such  vegetable  and  animal 
matters  as  were  already  decomposed,  and  fit  to  support  growing 
plants,  are  injured  by  the  addition  of  lime;  as  the  chemical  action 

portant  of  other  operations  and  values  of  calcareous  manures  which  he  pre- 
sents, will  be  brought  in  view,  and  considered,  at  a  later  part  of  this 
essay.  Other  passages  confirming  my  opinions  previously  advanced,  have 
been  or  will  be  quoted  in  notes. — 1849.] 
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which  takes  place  between  these  bodies  forms  different  compoirnds, 
which  are  always  less  valuable  than  the  putrid  or  soluble  matters 
were,  before  being  acted  on  by  the  lime.* 

This  theory  will  direct  us  to  expect  profit  from  applying  caustic 
lime  to  all  soils  containing  much  unrotted  and  inert  vegetable 
matter,  as  our  acid  wood-land  when  first  cleared,  and  perhaps  worn 
fields,  covered  with  broomgrass ;  and  to  avoid  the  application  of 
lime,  or  (what  la  the  same  thing)  to  destroy  previouslyits  caustic 
quality  by  exposure  to  the  air,  for  all  good  soils  containing  soluble 
vegetable  or  animal  matters,  and  on  all  poor  soils  deficient  in  inert, 
as  well  as  in  active  nourishment  for  plants.  The  warmth  of  our 
climate  so  much  aids  the  fermentation  of  all  putrescent  matters  in 
soils,  that  it  can  seldom  be  required  to  hasten  it  by  artificial  means. 
To  check  its  rapidity  is  muct  more  necessary,  to  avoid  the  waste 
of  manures  in  our  lands.  But  in  England,  and  still  more  in  Scot- 
land, the  case  is  very  different.  There,  the  coldness  and  moisture 
of  the  climate  greatly  retard  the  fermentation  of  the  vegetable 
matter  that  falls  on  the  land ;  so  much  so  that,  in  certain  situa- 
tions, the  most  favourable  to  such  results,  the  vegetable  cover  is 
increased  by  the  deposit  of  every  successive  year,  and  forms  those 
vegetable  soils  which  are  called  moor,  peat,  and  hog  lands.  "Vege- 
table matter  abounds  in  these  soils,  and  sometimes  it  even  forms 
the  greater  bulk  for  many  feet  in  depth  ;  but  it  is  inert,  insoluble, 
and  useless,  and  the  soil  is  unable  to  bring  any  useful  crop,  though 
containing  vegetable  matter  in  such  great  excess.  Many  millions 
of  acres  in  Britain  are  of  the  different  grades  of  peat  soils,  of 
which  almost  none  exist  in  the  eastern  half  of  Virginia.  Upon 
this  ground  of  the  difference  of  climate,  and  its  effects  on  ferment- 
ation, I  deduce  the  opinion  that  caustic  lime  would  be  serviceable 
much  more  generally  in  Britain  than  here ;  and  indeed  that  there 
are  very  few  cases  in  which  the  caustic  quality  would  not  do  our 
arable  lands  more  harm  than  good.  This  is  no  contradiction  to 
the  great  improvements  which  have  been  made  on  many  farms  by 
applying  lime ;  for  its  caustic  quality  was  seldom  allowed  to  act  at 
all.  Lime  is  continually  changing  to  the  carbonate  of  lime ;  and, 
in  practice,  no  exact  line  of  separation  can  be  drawn  between  the 
transient  effects  of  the  one,  and  the  later,  but  durable  improve- 
ment from  the  other.  Lime  powerfully  attracts  the  carbonic  acid 
of  which  it  was  deprived  by  heat,  and  that  acid  is  universally  dif- 
fused through  the  atmosphere  (though  in  a  very  small  proportion), 
and  is  produced  by  every  decomposing  putrescent  substance.  Con- 
sequently, caustic  lime,  when  on  land,  is  continually  absorbing 
and  combining  with  this  acid ;  and,  with  more  or  less  rapidity, 
according  to  the  manner  of  its  application,  is  returning  to  its  for- 

*  Davy's  Agr.  Chem.  Lect.  vii. 
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mer  state  of  mild  calcareous  earth.  If  spread  as  a  top-dressing 
On  grass  lands— or  on  ploughed  land,  and  superficially  mixed  with 
the  soil  by  harrowing — or  used  in  composts  with  fermenting  7ege- 
table  matter — the  lime  is  probably  completely  carbonated,  before 
its  cdusticity  can  act  on  the  soil.  In  no  case  can  lime,  applied 
properly  as  manure,  long  remain  caustic  in  the  soil.  Thus  most 
applications  of  lime  are,  in  effect,  and  even  from  the  beginning  of 
the_  manuring  action,  simply  applications  of  calcareous  earth  ;  but 
acting  with  greater  energy  and  power  at  first,  in  proportion  to  the 
quantity,  because  more  finely  divided,  and  more  equally  distributed. 

[Whether  lime,  or  carbonate  of  lime,  or  calcareous  earth,  may 
be  the  term  used  in  reference  to  any  such  manure  used,  or  recom- 
mended, the  general,  most  important,  and  all  effects  other  than 
some  of  the  earliesfand  least  certain  to  occur,  are  the  same  in 
practice  of  all.  The  operation  in  every  case  is  that  of  calxing.  In 
presenting  the  theory,  and  in  reasoning,  and  instruction,  it  is  im- 
portant to  maintain  the  precise  line  of  separation  and  distinction 
between  the  artificial  product,  quick  or  caustic  lime,  and  the 
naturally  existing  calcareous  earth,  or  carbonate  of  lime.  But  in 
practical  effects  they  are  the  same,  excepting  those  only  which 
may  be  due  to  the  different  early  conditions  of  the  different  sub- 
stances. Therefore,  (always  allowing  for  those  early  and  transient 
and  minor  differences),  whatever  I  may  say  of  the  operation  of 
calcareous  earth  as  manure,  would  as  well  be  produced  by  the  pro- 
per use  of  lime ;  and  whatever  other  writers  on  lime  as  manure 
have  correctly  stated,  even  though  perhaps  designed  by  them  to  be 
confined  to  quick-lime,  would,  as  to  all  abiding  and  important 
effects  and  operations,  apply  as  well  to  mild  and  naturally  existing 
calcareous  earth,  in  any  of  its  various  forms. 

Further — even  when  the  first  chemical  characters  of  both  caustic 
lime  and  carbonate  of  lime  have  been  altered  in  the  soil,  and  they 
may  have  become  changed  to  other  salts  of  lime,  by  combining 
with  different  acids  of  soils,  still,  judging  from  all  ex:perienoed  and 
abiding  effects,  the  general  and  beneficial  operations  of  the  original 
manures  still  continue.  The  only  known  exception  is,  and  which 
is  abundantly  obvious,  that  the  power  to  neutralize  acids  has  then 
been  fully  used,  and  cannot  again  be  exercised  by  the  same  lime 
on  any  subsequently  produced  acids. — 1849.]*  > 

[*  Recent  Confirmation. — Johnston  says — "  The  effects  of  pure  lime  upon 
the  land,  and  upon  vegetation,  are  ultimately  the  same,  whether  it  be  laid  on 
in  a  state  of  hydrate  [or  newly  slaked],  or  of  carbonate."     .     .  .     . 

"  In  general,  however,  the  chemical  action  of  the  marls  and  calcareous 
sands  is  precisely  the  same  in  kind  as  that  of  lime  in  the  burned  and  slaked 
state,  and  so  far  the  effects  which  we  have  already  seen  to  be  produced  by 
marls,  represent  also  the  general  effects  of  lime  in  any  form." — Lectures, 
p.  390.  And  further — "  You  may  safely  proceed  on  the  principle  that  the 
lime  in  the  marls,  &o.,  will  ultimately  produce  precisely  the  same  effects 
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C       Alimentary,  or  aerring  as 
food  for  plants — as 


Solvent  of  alimentary  ma- 
nures— as 


fixers,  or  Mordants  — 
serving  to  combine  with  or 
set  other  manures  in  soils 


Neutralizing  acids — as 


Mechanical,  or  improving 
by  altering  the  texture  of 
SOU — as 


Specific,  or  furnishing  in- 
gredients necessary  for  par- 
ticular plants — as 


upon  your  land,  as  the  lime  from  the  kiln,  provided  you  lay  on  an  equal 
quantity,  and  in  an  equally  minute  state  of  division.  The  effect  will  only 
be  a  little  more  slow,"  &c. — lb.  p.  387.— 1849.] 

[By  adopting  the  views  which  have  been  presented  of  the  action  of  cal- 
careous earth  and  of  lime  as  manures,  and  those  which  are  generally  re- 
ceived as  to  the  modes  of  operation  of  other  manures,  the  following  table 
has  been  constructed,  which  may  be  found  useful,  though  necessarily  imper- 
fect, and  in  part  founded  only  on  conjecture.  The  various  particular  kinds 
of  manures  are  arranged  in  the  supposed  order  of  their  power,  under  the 
several  heads  or  characters  to  which  they  belong ;  and  when  one  manure 
possesses  several  different  modes  of  action,  the  comparative  force  of  each  is 
represented  by  the  letters  annexed — the  letter  a  designating  its  strongest 
or  most  valuable  agency,  b  the  next  strongest,  and  so  on  as  to  c  and  d. 

PBOPOSED    CLASSIFICAIION    OF   MAHURES. 

'  Feathers,  hair,  woollen  rags, 
Pounded  bones,-  (i) 
All  putrescent   animal   and  vegetable 

substances,  as  dung, 
Stable  and  farm-yard  manures,  (a) 
Straw,  (a) 

Green  crops  ploughed   in,    and   dead 
grass   and  weeds  left   on   the   sur- 
face, (a) 
"Quick-lime,  (a) 
Potash  and  soap  lie,  (a) 
Wood  ashes  not  drawn,  [d) 
Paring  and  burning  the  surface  of  the 
^     soil,  (a) 

'  Calcareous  earth,  including 
Lime  become  mild  by  exposure,  (a) 
Chalk,  (a) 

Lime-stone  gravel,  (a) 
Wood  ashes,  (6) 
Fossil  shells  (or  shell  marl),  (a) 
Marl  (a  calcareous  clay),  (a) 
Old  mortar  and  lime  cements. 
All  calcareous  manures,  (A) 
Quick-lime,  (b) 
Potash  and  soap  lie,  (i) 
Wood  ashes,  (c) 
"Clay, 
Sand, 

Clay  marl,  (6) 

Fermenting  vegetable  manures,  (6) 
Green  manures,  (6) 
Unfermented  litter.  (4) 
Sulphate  of  lime,  or  gypsum  (for  clo- 
ver), 

Gypseous  earth  (or  green-sand  earth), 

for  clover, 
Calcareous  manures  (for  clover) 
Phosphate  of  lime  (for  wheat)  in 
Bones,  (o)  and 
Dravm  ashes,  (a) 
^  Salt,  for  aspai-agus.  {a). — 1835.] 


CHAPTEE  X. 

INTRODUCTORY  AND  GENERAL  OBSERVATIONS  ON  MARL 
AND  LIME.* 

Proposition  5. — Calcareous  mauures  will  give  to  our  worst  soils 
a  power  of  retaining  putrescent  manures,  equal  to  that  of  the 
best — and  will  cause  more  productiveness,  and  yield  more  profit, 
than  any  other  improvement  practicable  in  lower  Virginia. 

The  theory  of  the  constitution  of  fertile  and  barren  soils,  has 
now  been  regularly  discussed.  It  remains  to  show  its  practical 
application,  in  the  use  of  calcareous  earth  as  a  manure.  If  the 
opinions  which  have  been  maintained  are  unsound,  the  attempt  to 
reduce  them  to  practice  will  surely  expose  their  futility ;  and  if 
they  pass  through  that  trial,  agreeing  with  and  confirmed  by  facts, 
their  truth  and  value  must  stand  on  impregnable  ground.  The 
belief  in  the  most  iinportant  of  these  opinions  (the  incapacity 
of  poor  soils  for  improvement,  and  its  cause)  first  directed  the 
commencement  of  my  use  of  calcareous  manures;  and  the  manner 
of  my  practice  has  also  been  directed  entirely  by  the  views  which 
have  been  exhibited.  Yet  in  every  respect  the  results  of  practice 
have  sustained  the  theory  of  the  action  of  calcareous  manures; 
unless  indeed  there  be  claimed  as  exceptions  the  injuries  which 
have  been  caused  by  applying  too  heavy  dressings  to  poor  and  acid 
lands ;  and  also  the  beneficial  effects  of  proper  practice  being  found 
to  exceed  in  degree  what  the  theory  seemed  to  promise. 

My  use  of  calcareous  earth  as  manure  has  been  almost  entirely 
confined  to  that  form  of  it  which  is  so  abundant  in  the  neighbour- 
hood of  our  tide-waters — the  beds  of  fossil  shells,  together  with  the 
matrix,  or  earth  with  which  they  are  found  mixed.  The  shells 
are  in  various  states — ^in  some  beds  generally  whole,  and  in  others 

[*  My  views  of  the  theory  of  fertilization  have  been  presented  in  the  pre- 
ceding pages,  (chapters  ii.  to  ix.  inclusive),  precisely  as  they  appeared  in 
1832  (and,  in  substance,  at  a  still  earlier  time),  the  later  additions  being 
all  distinctly  marked  as  such.  This  was  deemed  necessary  to  the  main- 
tenance of  my  claim  of  priority  or  of  originality  of  opinions,  some  of 
which,  though  then  novel  and  unsupported  by  other  authority,  have  since 
been  recognised  as  true,  and  are  now  generally  if  not  universally  received 
by  writers  on  agricultural  chemistry.  The  like  necessity  will  not  apply  to 
the  remainder  of  this  work ;  and  therefore  the  distinguishing  of  later 
additions  to  or  alterations  of  the  edition  of  1832,  will  not  be  regularly 
marked  for  distinction.  Still  it  will  be  done  whenever  it  may  be  required 
for  more  clear  exposition,  or  where  the  later  dates  of  additions  are  deemed 
of  any  importance  to  their  purport. — 1852.] 
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reduced  nearly  to  a  coarse  powder.  The  earth  which  fills  their 
vacancies,  and  serves  to  make  the  whole  a  compact  mass,  m  most 
cases  is  principally  silicious  sand,  and  iLsually  contains  no  putres- 
cent or  valuable  matter,  other  than  the  calcareous.*  The  same 
effects,  in  the  main,  might  be  expected  from  calcareous  earth  in 
any  other  form,  whether  chalk,  lime-stone  gravel,  wood  ashes,  or 
lime — though  the  two  last  have  other  qualities  besides  the  calca- 
reous. During  the  short  time  that  lime  can  remain  quick  or  caustic, 
after  being  applied  as  manure,  it  exerts  (as  before  stated)  a  solvent 
power,  sometimes  beneficial  and  at  others  hurtful,  which  has  no 
connexion  with 'its  subsequent  and  permanent  action  as  calcareous 
earth. 

These  natural  deposits  of  fossil  shells  are  commonly,  but  very 
improperly,  called  marl.  This  misapplied  term  is  particularly  ob- 
jectionable, because  it  induces  erroneous  views  of  this  manure. 
Other  earthy  manures  have  long  been  used  in  Europe  under  the 
name  of  marl,  and  numerous  publications  have  described  their 
general  effects,  and  recommended  their  use.  When  the  same  name 
is  given  here  to  a  different  manure,  many  persons  will  consider 
both  operations  as  similar,  and  perhaps  may  refer  to  English 
authorities  for  the  purpose  of  testing  the  truth  of  my  opinions, 
and  the  results  of  my  practice.  But  no  two  operations  called  by 
the  same  name  can  well  differ  more.  The  process  which  it  is  my 
object  to  recommend,  is  calxing,  or  simply  the  application  of  calca- 
reous earth  in  any  form  whatever,  to  soils  wanting  that  ingredient, 
and  generally  being  quite  destitute  of  it ;  and  the  propriety  of  the 
application  depends  entirely  on  the  knowing  that  the  manure  con- 
tains calcareous  earth,  and  what  proportion,  and  that  the  soil  con- 
tains none.  In  England,  the  most  scientific  agriculturists  apply 
the  term  m,arl  correctly  to  a  calcareous  clay  of  peculiar  texture. 
But  many  authors,  as  well  as  the  illiterate  cultivators,  have  used 
that  name  for  any  smooth  soapy  clay,  which  may  or  may  not  have 
contained,  so  far  as  they  knew,  any  proportion  whatever  of  calca- 
reous matter.  Indeed,  in  most  cases,  they  have  seemed  uncon- 
scious of  the  presence  as  well  as  of  the  importance  of  that  ingre- 
dient, by  their  not  alluding  to  it  when  attempting  most  carefully  to 
point  out  the  distinguishing  characters  by  which  marl  may  be  known. 
Still  less  have  they  inquired  into  the  deficiency  of  calcareous  earth 
in  soils  proposed  to  be  marled — but  applied  any  earth  which  either 
science  or  ignorance  may  have  called  marl,  to  any  soils  within  a 

[*  From  later  obserration  I  have  formed  the  opinioa  that  the  colouring 
matter  of  blue  marls  is  vegetable  extract,  chemically  combined  with  the 
calcareous  matter,  of  which  opinion  the  grounds  will  be  stated  hereafter. 
But  still  the  amount  of  this  vegetable  admixture  is  too  small  to  have  much 
appreciable  effect  as  food  for  plants ;  and,  for  all  practical  use,  the  general 
position  assiuued  above  may  yet  be  considered  as  altogether  true. — 1842.] 
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convenieHt  distance — and  relied  upon  the  subsequent  effects  to 
direct  whether  the  operation  should  be  continued  or  abandoned. 
These  remarks  more  especially  apply  to  the  older  writers;  but 
even  the  later  authors,  of  the  highest  character  (as  Sinclair  and 
Young,  for  example),  when  telling  of  the  practical  use  and  valua- 
ble effects  of  marl,  omit  giving  the  strength  of  the  manure,  and 
generally  even  its  nature — and  in  no  instance  have  I  found  the  in- 
gredients of  the  soil  stated,  so  that  the  reader  might  learn  what 
kind  of  operation  really  was  described,  or  be  enabled  to  form  a 
judgment  of  its  propriety.  From  all  this,  it  follows  that  though 
what  is  called  marling  in  England  may  sometimes  be  (though 
very  rarely,  as  I  infer)  the  same  chemical  operation  on  the  soil 
that  I  am  recommending,  yet  it  may  also  be  either  applying  clay 
to  sand,  or  clay  to  chalk,  or  true  marl  to  either  of  those  soils,  or 
to  some  other  soil  still  more  calcareous  than  the  earth  applied; 
and  the  reader  will  generally  be  left  to  guess,  in  every  separate 
case,  which  of  all  these  operations  is  meant  by  the  term  marling. 
For  these  reasons,  the  practical  knowledge  to  lae  gathered  from  all 
this  mass  of  written  instruction  on  marling  will  be  far  less  abund- 
ant than  the  errors  and  mistakes  of  the  authors,  and  the  consequent 
inevitable  false  deductions  by  their  readers.  The  recommenda- 
tions of  marl  by  English  authors,  induced  me  very  early  to  look 
to  what  was  here  called  by  the  same  name,  as  a  means  for  improve- 
ment. But.  their  descriptions  of  the  manure  convinced  me  that 
our  marl  was  nothing  like  theirs,  and  thus  actually  deterred  me 
from  using  it,  until  other  and  original  and  more  correct  views  in- 
structed me  that  its  value  did  not  depend  on  its  having  "  a  soapy 
feel,"  or  on  any  admixture  of  clay  whatever.* 

[*  The  remarks  above  were  written  in  1820,  and  are  muoli  less  applica- 
♦ble  to  authors  of  later  date.  How  well  justified  my  expressions  then  were, 
will  fully  appear  in  the  Appendix,  in  the  testimony  furnished  by  quotations 
of  the  language  and  opinions  of  many  authors. 

There  is  no  want  of  precision  and  clearness  in  the  definitions  of  marl 
given  by  modem  scientific  writers.  Though  even  with  some  of  them,  there 
are  still  very  remarkable  misapplications  of  the  terms ;  as  incorrect,  in- 
deed, as  could  be  expected  from  the  most  ignorant  cultivators.  Thus  the 
former  geological  surveyor  of  New  Jersey  habitually  applies  the  name  of 
marl  to  the  "green-sand"  of  that  country;  which  remarkable  earth  is  a 
soft  incoherent  crumbly  mass  of  separate  grains,  neither  clayey  nor  marly 
in  texture  or  compactness,  nor  in  the  least  calcareous  in  its  chemical  com- 
position. Still  more  strange  than  this,  is  an  example  found  as  late  as 
1849,  in  the  "  Second  Visit  to  the  United  States"  of  the  distinguished 
geologist  Sir  Charles  Lyell.  This  author  says,  when  passing  from  New 
York  to  Philadelphia,  "  In  New  Jersey  we  passed  over  a  gently  undulating 
surface  of  country,  formed  of  red  marl  and  sand-stone,  resembling  in  appear- 
ance, and  of  about  the  same  geological  age  as  the  new  red  sand-stone 
(trias)  of  England."  Vol.  i.  p.  191. '  This  error  was  not  caused  by 
merely  the  careless  use  of  an  incorrect  provincial  term ;  for  the  "new  red 
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[Nevertheless,  much  valuable  information  may  be  obtained  from 
these  same  English  works,  on  calcareous  manure,  or  on  marl  (in  the 

sand-stone"  formation  of  England  is  largely  composed  of  a  true  (calcare- 
ous) " red  marl."  The  soil  in  question  was  probably  a  red  clay,  but,  as  I 
should  suppose,  containing  not  a  particle  of  calcareous  earth— and  cer- 
tainly haYing  no  quality  in  common  with  any  marl,  true  or  false,  or  agi-ee- 
ing  with  any  of  the  different  understandings  of  what  marl  is,  in  texture  or 
composition. 

According  to  scientific  definition,  marl  is  composed  of  carbonate  of  lime 
and  fine  clay.  When  taken  moist  from  its  bed,  such  marl  is  not  ductile  or 
plastic,  like  ordinary  clay ;  and  is  broken  more  easily  than  bent.  It  is 
cut  by  a  knife  to  a  smooth  surface,  having  an  unctuous  or  soapy  feel.  When 
a  lump  has  been  dried,  and  is  then  put  into  water,  it  speedily  crumbles  to 
powder,  or  into  thin  laminse.  Puvis  (in  his  "  Essai  sur  la  Mam^').,  con- 
siders the  clay  and  carbonate  of  lime  in  marl  to  be  chemically  combined — 
which  opinion  seems  weU  founded.  He  also  supposes  marl  to  be  generally, 
if  not  universally,  of  fresh-water  formation — as  shown  by  the  shells  con- 
tained. 

The  term  marl  may  be  considered  as  understood  in  four  principal  signi- 
fications, and  two  of  these  running  into  numerous  provincial  varieties. 
With  all  the  precision  and  care  in  defining  that  can  be  used,  it  will  not  be 
possible  for  me  to  avoid  using  the  term  sometimes  in  the  different  senses  in 
which  it  is  used  by  other  authorities  to  whom  I  may  refer,  or  whose  opinions 
may  be  quoted.  Therefore,  it  wiU  serve  for  better  understanding  and 
greater  clearness,  to  state,  in  general  terms,  all  the  different  meanings  ap- 
plied to  the  term  marl,  by  different  classes. 

1.  The  definition  of  marl  by  mineralogists,  and  men  of  science,  is  the 
most  exact  and  most  restricted  in  application — a  calcareous  clay  of  pecu- 
liar texture  and  physical  qualities,  as  described  more  at  full  above,  and 
elsewhere  in  this  work. 

2.  The  most  extended  sense — ^in  which  I  shall  use  it  in  reference  to  its 
fertilizing  operation,  (calxing),  to  embrace  every  kind  of  substance  of  earthy 
texture,  containing  carbonate  of  lime  in  useful  quantity  to  serye  as  manure, 
and  that  being  the  principal  manuring  ingredient. 

3.  The  sense  in  which  it  is  understood  by  modem  British  agricultural 
authors — which  is  the  mineralogical  marl,  but  also  embraces  other  earths 
used  for  the  calcareous  contents. 

4.  All  the  provincial  applications  of  the  term  in  different  regions — as  to 
fine  clay  (in  England) — fossil  shells,  in  lower  Virginia — calcareous  tufa, 
or  travertine,  in  our  mountain  region — and  non-calcareous  green-sand, 
in  New  Jersey,  &c. ;  In  short,  to  any  kind  of  earth  that  experience  has 
proved,  or  that  ignorance  has  supposed,  to  be  useful  as  manure. 

The  operation  called  "  marling"  in  ISngland  is  even  less  like  what  is 
known  by  the  same  name  here,  than  are  the  different  substances  used  un- 
der that  name.  That  which  I  have  done,  and  advise,  and  call  marling  (in 
conformity  to  our  provincial  and  incorrect  name  given  to  the  substance 
used),  is,  as  above  stated,  the  application  of  calcareous  earth  of  any  kind, 
or  from  any  source,  to  soils  deficient  in  that  ingredient — and  also,  in  quan- 
tities no  greater  than  will  serve  to  produce  the  desired  chemical  chann-e  in 
each  particular  soil.  This  required  proportion  of  carbonate  of  lime  is 
rarely  more  than  will  make  one  per  cent,  of  the  soil  for  its  ploughed  depth; 
and  generally  less  than  half  that  quantity  is  enough  for  profit  and  for 
safety.  Hence,  according  to  the  strength  of  the  manure  and  the  condi- 
tion of  the  soil,  the  usual  applications  lie  between  the  extremes  of  100  and 
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sense  in  which  that  term  is  used  among^us) — hut  under  a  different 
head,  viz.,  lime.     This  manure  is  generally  treated  of  with  as  little 

500  bushels  to  the  acre — and  more  generally  between  200  and  300.  In 
England,  (even  where  we  know  that  the  manure  is  truly  marl,  or  is  calca- 
reous), the  quantities  applied  are  enormous,  and  must  act  mechanically  for 
much  the  greater  part,  even  if  acting  chemically  at  all.  For  there  can 
be  no  chemical  action,  if  the  soil  was  calcareous  in  the  slightest  degree 
before  the  application.  The  expense  there  is  great,  because  of  the  heavy 
applications ;  and  liming,  though  that  also  is  there  very  much  heavier  and 
therefore  more  expensive  than  with  us,  is  always  deemed  cheaper  labour, 
and  is  substituted  for  marling  whenever  water-borne  lime  can  be  obtained. 
The  case  here  is  reversed — marling  being  always  much  cheaper  than  the 
cheapest  liming,  if  the  marl  is  dug  on  or  near  to  the  farm  to  which  it  is 
applied. 

I  will  cite  a  few  facts  and  authorities  to  show  the  enormous  quantities 
in  which  marl  is  applied  in  Britain.  Arthur  YoUng  (in  his  Farmer's 
Calendar,  10th  London  collection,  p.  40),  describes  and  commends  the 
labours  of  Mr.  Rodwell,  who  put  140,000  loads  of  marl  (effervescing  with 
acids),  to  120  acres  of  leased  land,  with  great  profit.  The  size  of  the  load 
not  stated.  But  if  20  bushels,  this  would  be  (171  loads  of  20  bush.)  3420 
bushels  to  the  acre.  Sir  John  Sinclair  says  the  red  marl  (which  is  calca- 
reous, certainly,  as  I  learn  from  the  Agricultural  Report  of  Lancashire) 
is  the  great  source  of  fertilization  in  Lancashire  and  Cheshire.  "  The 
quantity  used  is  enormous ;  in  many  cases  300  middling  cart-loads  to  the 
acre,  and  the  fields  are  sometimes  so  thickly  covered  as  to  have  the  ap- 
pearance of  a  red-soiled  fallow,  fresh  ploughed."  (Code  of  Agriculture.) 
Counting  these  loads  at  20  bushels,  makes  6000  bushels  to  the  acre.  The 
Lancashire  Report,  made  by  order  of  the  Board  of  Agriculture,  says  that 
the  carts  for  marling  are  usually  drawn  by  3  horses,  and  carry  about  15 
cwt.  (1680  lbs.)  This  is  a  very  light  load,  for  short  distances  and  level 
ground.  This  Report  gives  sundry  facts  concurring  with  the  foregoing. 
A  few  only  will  be  here  quoted.  "  The  quantity  [of  marl]  laid  on  is  from 
2  to  3 J  cubic  roods  of  64  [cubic]  yards  to  the  statute  acre ;  the  expense 
of  which  is,  according  to  the  distance  carried,  if  within  60  rods  [330 
yards]  on  the  average,  about  £8  [or  nearly  $40]  the  acre." — "A  cubic 
rood  of  marl,  of  64  [cubic]  yards  to  the  rood,  adds  nearly  half  an  inch  to 
the  staple  of  the  soil  to  a  statute  acre  of  land." — Consequently,  the  usual 
dressing,  of  2  to  3J  such  "cubic"  roods,  must  give  a  coat  of  from  nearly 
1  inch  to  nearly  If  inches  to  the  soil.  A  particular  piece  of  9  acres  of  "a 
wretched  black  sandy  waste"  (which  however  was  bought  for  £33  Qs.  M. 
per  acre),  was  afterwards  marled  "  at  nearly  12  roods,  of  64  cubic  yards 
to  the  acre  ofS  rods."  [This  is  a  provincial  measure,  equal  to  2  acres,  and 
18J  perches,  statute  measure.]  This  was  equal  to  20,730  cubic  feet  to  the 
[large]  acre — and  more  than  as  many  heaped  bushels,  if  the  cubic  measure 
of  the  marl  was  made  in  its  bed.  The  cost  of  this  marling  was  £27  15s. 
6d.  per  [large]  acre — [or  about  $135,  or  not  quite  half  this  quantity  and 
price,  per  statute  acre].  In  this  same  report,  particular  estimates  are 
made  of  the  expenses  of  marling,  at  stated  rates  and  distances,  which  of 
course  we  must  suppose  ordinary  cases.  1.  A  field  of  30  rods  square 
(about  0  statute  acres),  marled  from  a  pit  in  the  centre,  at  6  cubic  roods, 
would  cost  for  cartage  per  rood,  18^.,  or  £32  8s.  for  the  6  acres.  2.  If  a  like 
square,  adjoining  the  first,  be  marled  from  the  same  pit,  the  previous 
average  distance  of  15  rods  will  be  increased  by  30,  or  to  45  rods  ( x  5J 
yards  =  247  yds.),  the  increased  expense  will  be  12s.  the  acre,  or  £54  in 
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clearness  or  correctness,  as  is  done  with  marl;  but  the  reader  at 
least  cannot  be  mistaken  in' this,  that  the  ultimate  effect  of  every 
application  of  lime  must  be  to  make  the  soil  more  calcareous;  and 
to  that  cause  solely  are  to  be  imputed  all  the  long-continued  bene- 
ficial consequences,  and  great  profits,  which  have  been  derived 
from  liming.  But  excepting  this  one  point,  in  which  we  cannot 
be  misled  by  ignorance  or  want  of  precision,  the  mass  of  writings 
on  lime,  as  well  as  on  calcareous  manures  in  general,  will  need 
much  sifting  to  yield  instruction.  The  opinions  published  on  the 
mode  of  operation  of  lime  are  so  many,  so  various,  and  so  contra- 
dictory, that  it  seems  as  if  each  author  had  hazarded  a  guess,  and 
added  it  to  a  compilation  of  those  of  all  who  had  preceded  him. 
For  a  reader  of  these  publications  to  be  able  to  reject  all  that  is 
erroneous  in  reasoning,  and  in  statements  of  facts — or  inapplicable 
on  account  of  difference  of  soil,  or  other  circumstances — and  thus 

all  for  marling  the  6  acres.  3.  Anotlier  6  acres,  adjoining  the  last,  at  75 
rods  average  distance  from  the  pit,  would  cost  £79  is.  So  that  at  this  very 
smaU  distance  of  412  yards  only,  and  on  even,  firm,  and  level  ground,  the 
cost  of  ordinary  marling  is  about  $35  the  English  statute  acre.  Of  course, 
for  one  or  more  miles,  the  expense  would  be  intolerable. 

Neither  is  this  marl  (or  even  the  poorer  "clay"  as  there  termed)  in 
Lancashire  wanting  in  calcareous  matter.  Of  4  specimens  stated,  the 
calcareous  proportions  were  between  19  J  and  22  per  cent.  I  infer,  from 
general  notices,  that  others  are  much  richer.  There  is  no  intimation  in 
the  report  as  to  whether  the  eoils  are  or  are  not  calcareous  before  being 
marled.  But  there  is  other  and  better  authority  for  supposing  that  the 
soils  are  naturally  calcareous.  The  red  marl  of  Lancashire  is  of  the 
"new  red  sand-stone"  geological  formation,  and  so  I  presume  is  the 
ovfer-lying  soil  (Morton  on  Soils,  p.  67).  If  so,  this  would  remove  all 
chemical  action  from  the  very  heavy  dressings  of  calcareous  marl  in 
Lancashire.  At  p.  70,  the  same  author  speaks  of  the  great  improvement 
made  by  liming  "on  the  red  marl"  in  Somerset  and  Devonshire.  The  de- 
servedly high  authority  of  this  writer  is  enough  to  establish  these  facts 
of  improvement  which  he  asserts.  But  it  requires  no  argument  to  prove 
that  when  lime  is  found  a  beneficial  application  to  a  "red  marl"  soil  or 
any  soil  before  calcareous,  that  it  must  be  by  some  other  mode  than  that 
chemical  action  which  I  call  marling  or  calxing,  and  which  always  consists 
in  rendering  a  soil  calcareous,  which  was  not  so  before.  We  might  s.ifely 
infer  that  the  farmers  of  Lancashire  do  not  incur  the  enormous  expense 
of  their  marlings  merely  to  put  the  calcareous  ingredient  on  their  lands. 
But  the  author  of  the  "Eeport"  leaves  no  doubt  on  that  point.  He  says: 
"  Undoubtedly  the  calcareous  matter  contained  in  either  marl  [the  clay  or 
the  richer  marl]  is  of  the  highest  importance ;  but  obviating  the  natural  de- 
ficiencies of  the  soil,  by  adding  sand  to  clay,  or  clay  to  sand,  is  of  more  conse- 
quence than  the  mere  calcareous  stimulus,  which  might  be  obtained  at  a  much 
lighter  expense" — [i.  e.  by  using  lime  instead.] 

In  the  appendix  there  will  be  presented  many  more  facts  in  confirmation. 
But  these  alone  will  go  far  to  prove  that  the  marling  of  England  is  still 
more  diiferent  from  the  "marling"  or  calxing  which  I  have  recommended 
and  practised,  than  is  our  "marl"  from  the  substances  so  called  in  Eurone 
—1851.]  ^  ■ 
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obtain  only  what  is  true,  and  useful — it  would  be  necessary  for  him 
first  to  understand  the  subject  "better  than  most  oY  those  whose 
opinions  he  was  studying.  Indeed  it  was  not  possible  for  them  to 
be  correct,  when  treating  (as  most  writers  do)  of  lime  as  one  kind 
of  manure,  and  every  different  form  of  the  carbonate  of  lime  as  so 
many  others.  Only  one  distinction  of  this  kind  (as  to  mode  of 
operation  and  effects)  should  be  made,  and  never  lost  sight  of — 
and  that  is  one  of  substance,  still  more  than  of  name.  Pure  or 
quick-lime,  and  carbonate  of  lime,  are  manures  entirely  different  in 
their  powers  and  effects.  But  it  should  be  remembered  that  the 
substance  that  was  pure  lime  when  just  burned,  often  becomes 
carbonate  of  lime  before  it  is  used  (by  absorbing  carbonic  acid 
from  the  atmosphere);  still  more  frequently  before  a  crop  is 
planted ;  and  probably  always  before  the  first  crop  ripens.  Thus, 
it  should  be  borne  in  mind  that  the  manure  spoken  of  as  lime  is 
often  at  first,  and  always  at  a  later  period,  neither  more  nor  less 
than  calcareous  earth;  that  lime,  which  at  different  periods  is  two 
distinct  kinds  of  manure,,  is  considered  in  agricultural  treatises  as 
only  one ;  and  to  calcareous  earth  are  given  as  many  different 
names,  all  considered  to  have  different  values  and  effects,  as  there 
are  different  forms  and  mixtures  of  the  substance  presented  by 
nature. — 1835.] 

But,  however  incorrect  and  inconvenient  the  term  marl  may  be, 
custom  has  too  strongly  fixed  its  application  for  any  proposed 
change  to  be  adopted.  Therefore,  I  must  submit  to  use  the  word 
marl  to  mean  beds  of  /ossil  shells,  notwithstanding  my  protest 
against  the  property  of  its  being  so  applied.* 

[*  The  geological  character  of  this  tide-water  region  renders  impossible 
the  existence  of  true  marl  beds,  which  can  only  be  sought  for  with  hope, 
if  anywhere  in  Virginia,  in  the  valleys  of  our  mountain  lime-stone 
region — where  it  would  be  as  much  in  vain  to  seek  for  the  fossil  shells,  so 
abundant  elsewhere.  The  latter  deposit  is  the  product  of  the  ancient 
ocean  (during  the  tertiary  formations),  of  which  the  bottom,  with  its  beds 
of  shells,  has  been  subsequently  "  up-heaTed"  to  the  position  of  dry  land. 
True  marl,  when  found  in  considerable  quantity,  is  usually,  if  not  always,  a- 
fresh-water  formation ;  being  produced  ,from  the  earth  torn  up  and  borne 
along  by  rapid  rivers  and  mountain  streams,  flowing  over  a  chalky  or 
other  highly  calcareous  country.  By  such  suspension  and  intermingling, 
the  heavier  sand  is  first  dropped,  and  the  still  floating  calcareous  and 
aluminous  earths  mix  and  then  combine  chemically  in  suitable  proportions  ; 
and  when  the  suspending  water  becomes  nearly  still,  by  reaching  a  lake 
or  estuary,  the  lightest  earthy  matter  is  deposited  and  forms  marl.  This 
natural  process  continues  until  the  receptacle  is  filled,  and  the  deposit  is 
raised  above  the  water.  However  much  it  may  appear  like  fine  clay  in 
some  respects,  true  marl  is  very  different  in  others.  It  is  not  in  the  least 
plastic.  If  laid  in  water  after  drying,  it  speedily  crumbles  to  small  frag- 
ments, showing  a  laminated  structure,  the  result  of  the  manner  of  its  de- 
position.    Some  clays,  however,  destitute  of  lime,  exhibit  this  mechanical 
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The  followijig  experiments  are  reported,  either  on  account  of 
laving  been  accurately  made  and  carefully  observed,  or  as  pre- 
senting such  results  as  have  been  generally  obtained  on  similar 
soils,  from  applications  of  fossil  shells  to  nearly  six  hundred  acres 
of  Coggins  Point  farm  (made  before  1830).  It  had  been  my 
habit  to  make  written  memoranda  of  such  things ;  and  the  mate- 
rial circumstances  of  these  experiments  were  put  in  writing  at  the 
time  they  occurred,  or  not  long  after.  Some  of  the'  experiments 
were,  from  their  commencement,  designed  to  be  permanent,  and 
their  results  to  be  measured  as  long  as  circumstances  might  per- 
mit. These  were  made  with  the  utmost  care.  But  generally, 
when  precise  amounts  are  not  stated,  the  experiments  were  less 
carefully  made,  and  their  results  reported  by  guess.  Every 
measurement  stated,  of  land  or  of  crop,  was  made  in  my  presence. 
The  average  strength  of  the  different  marls  used  was  ascertained 
by  a  sufficient  number  of  analyses;  and  the  quantity  applied 
was  known  by  measuring  some  of  the  loads,  and  having  them 
dropped  at  regular  distances.  At  the  risk  of  being  tedious,  I  shall 
state  every  circumstance  supposed  to  affect  the  results  of  the  ex- 
.periments ;  and  the  manner  of  description,  and  of  reference, 
necessary  to  use,  will  require  a  degree  of  attention  that  few  readers 
may  be  disposed  to  give,  to  enable  them  to  derive  the  full  benefit 
of  these  details.  But,  however  disagreeable  it  may  be  to  give  to 
them  the  necessary  attention,  I  will  presume  to  say  that  these  ex- 
,periments  deserve  it.  They  will  present  practical  proofs  of  what 
otherwise  would  be  but  uncertain  theory — and  give  to  this  essay 
its  principal  claim  to  be  considered  truly  instructive  and  useful. 

When  these  operations  were  commenced,  I  had  heard  of  no 
other  experiments  having  been  made  with  fossil  shells,  except  two, 
which  had  been  tried  long  before,  and  were  considered  as  proving 
ithe  manure  to  be  too  worthless  to  be  resorted  to  again. 

The  earliest  of  these  old  experiments  was  made  at  Spring  Gar- 
den, in  Surry,  about  1775,  by  Mr.  Wm.  Short,  proprietor  of  that 
estate.  The  extent  marled  was  eight  or  ten  acres,  on  poor  sandy 
land.  Nothing  is  now  known  of  the  effects  for  the  first  twenty- 
five  or  thirty  years,  except  that  they  were  too  inconsiderable  to 
;induce  a  repetition  of  the  experiment.  The  system  of  cultivation 
was  doubtless  as  exhausting  as  usual  at  that  time.  Since  1812, 
the  farm  has  been  under  mild  and  improving  management  gene- 
irally.  No  care  has  been  taken  to  observe  the  progress  either  of 
.improvement  or  exhaustion  on  the  marled  piece  ;  but  there  is  no 
doubt  that  the  product  has  continued  for  the  last  fifteen  years 


Btn.cture  and  character  in  as  maried  manner  as  any  true  marl.  Such 
clajs,  in  former  times,  were  not  distinguished  by  farmers,  and  even  agri- 
cultural writers,  from  marl. — 1849.] 
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letter  than  that  of  the  adjacent  land.  Mr.  Francis  Ruffin,  the 
present  owner  of  the  farm,  believed  that  the  product  was  not  much 
increased  in  favourable  seasons;  but  when  the  other  land  suffered 
either  from  too  much  wet  or  dry  weather,  the  crop  on  the  marled 
land  was  comparatively  but  slightly  injured.  The  loose  reports 
that  have  been  obtained  respecting  this  experiment  are  at  least 
conclusive  in  showing  the  long  duration  of  the  effects  produced. 

The  other  old  experiment  referred  to  was  made  at  Aberdeen, 
Prince  George  county,  in  1803,  by  Mr.  Thomas  Cocke.  Three 
small  spots  (neither  exceeding  thirty  yards  square)  of  poor  land, 
kept  before  and  since  generally  under  exhausting  culture,  were 
covered  with  this  manure.  He  found  a  very  inconsiderable  early 
improvement,  which  he  thought  ailtogether  an  inadequate  reward 
for  the  labour  of  applying  the  marl.  The  experiment,  being 
deemed  of  no  value,  was  but  little  noticed  until  aiter  the  com- 
mencement of  my  use  of  the  same  manure.  On  examination,  the 
improvement  appeared  to  have  increased  greatly  on  two  of  the 
pieces,  but  the  third  was  evidently  the  worse  for'  the  application. 
For  a  number  of  years  after  making  this  experiment,  Mr.  Cocke 
had  considered  it  as  giving  full  proof  of  the  worthlessness  of  the 
jnanure.  But  more  correct  views  of  its  mode  of  operation,  induced 
by  my  experiments  and  reasoning,  induced  him  to  recommence  its 
use ;  and  no  one  has  met  with  more  success,  or  produced  more 
valuable  early  improvement. 

Inexperience,  and  the  total  want  of  any  practical  guide,  caused 
my  applications,  for  the  first  few  years,  to  be  frequently  injudicious, 
particularly  as  to  the  quantities  laid  on.  For  this  reason,  these 
experiments  will  show  what  was  actually  done,  and  the  effects 
thence  derived,  and  not  what  better  information  would  have  directed 
as  the  most  profitable  course. 

The  measurements  of  corn  that  will  be  reported  were  all  made 
at  the  time  and  place  of  gathering.  The  measure  used  for  all  ex- 
cept very  small  quantities  was  a  barrel,  holding  five  bushels  when 
filled  level,  and  which  being  filled  twice  with  ears  of  corn,  well 
shaken  to  settle  them,  and  heaped,  was  estimated  to  make  five 
bushels  of  grain ;  and  the  products  will  be  reported  in  grain,  ac- 
cording to  this  estimate.  This  mode  of  measurement  will_  best 
serve  for  comparing  results;  but  in  most  cases  it  is  far  from  giving 
correctly  the  actual  quantity  of  dry  and  sound  grain,  for  the  fol- 
lowing reasons.  The  common  large  soft-grained  white  _  corn  was 
the  kind  cultivated,  which  was  always  cut  down  for  sowing  wheat 
before  the  best  matured  was  dry  enough  to  grind,  or  even  to  be 
stored  in  the  ear  for  keeping ;  and  when  the  ears  from  the  poorest 
land  were  in  a  state  to  lose  considerably  more  by  shrinking.  Yet, 
for  fear  of  some  mistake,  or  mixture  of  the  different  quanj,ities, 
occurring  if  measurements  were  delayed  until  the  crop  was  gathered, 
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these  experiments  were  measured  when  the  land  was  ploughed  for 
wheat  in  October.  The  subsequent  loss  from  shrinking  would  of 
course  be  greatest  on  the  com  from  the  poorest  and  most  backward 
land,  as  the  most  defective  and  unripe  ears  would  always  be  there 
found.  Besides,  every  ear,  however  imperfect  or  rotten,  was  in- 
cluded in  the  measurement.  For  these  several  reasons,  the  actual 
increase  of  product  on  the  marled  land  was  always  greater  than 
will  appear  from  the  comparison  of  quantities  measured ;  and  from 
the  statements  of  all  such  early  measurements,  there  ought  to  be 
allowed  a  deduction,  varying  from  10  or  15  per  cent,  on  the  best 
and  most  forward  com,  to  30  or  35  per  cent,  on  the  latest  and 
most  defective.  Having  stated  the  grounds  of  this  estimate, 
practical  men  can  draw  such  conclusions  as  their  experience  may 
direct,  from  the  dates  and  amounts  of  the  actual  measurements 
that  will  be  reported.  Some  careful  trials  of  the  amount  of  shrink- 
age in  particular  experiments  wUl  be  hereafter  stated. 

No  grazing  had  been  permitted  on  any  land  from  which  experi- 
ments will  be  reported,  since  1814  (or  since  being  cleared,  if  in 
forest  at  that  time),  unless  the  contrary  shall  be  specially  stated. 
The  cropping  had  also  been  mild,  during  that  time,  though  previ- 
ously it  was  the  usual  exhausting  three-shift  and  grazing  course. 


CHAPTER  XI. 

EXPERIMENTS  ■fflTH  AND  EFFECTS   OF  CALCAREOUS   MANURES  ON 
ACID  SANDY  SOILS,  NEWLY  CLEARED. 

Proposition  5— continued. 

_  As  most  of  the  experiments  on  new  land  were  made  on  a  single 
piece  of  twenty-six  acres,  a  general  description  or  plan  of  the 
whole  will  enable  me  to  be  better  understood,  as  well  as  to  be  more 
concise,  by  references  being  made  to  the  annexed  figure.  It  forms 
part  of  the  ridge  or  high  table  land  lying  between  James  Eiver 
and  the  nearest  stream  running  into  Powell's  creek.  The  surface 
is  nearly  level,  but  slightly  undulating.  The  soil  in  its  natural 
state  very  similar  throughout,  but  the  part  next  to  the  line  B  C 
somewhat  more  sandy,  and  more  productive  in  com,  than  the  part 
next  to  A  D ;  and,  in  like  manner,  it  is  lighter  along  A  e  than 
nearer  to  p /.  The  whole  soil,  a  gray  sandy  acid  loam,  not  more 
than  two  inches  deep  at  first,  resting  on  a  yellowish  sandy  subsoil, 
from  one  to  two  feet  deep,  when  it  changes  to  clay.     Natural 
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growth  mostly  pine — next  in  quantity,  oaks  of  different  kinds — a 
Httle  of  dogwoo4  and  chinquepin — ^whortleberry  bushes  throughout 
in  plenty.  The  quality  of  the  soil  better  than  thi3  average  of  ridge 
lands  in  general,  but  yet  quite  poor.  Judging  from  experience 
of  adjoining  grounds  and  similar  soil,  this  land  would  have  pro- 
duced as  its  early  and  best  crop,  and  under  the  best  treatment, 
about  12  bushels  of  corn  to  the  acre,  well  ripened  and  fully  shrunk. 
And  if  thereafter  kept  under  ordinary  culture  and  management, 
the  products  would  have  gradually  and  speedily  sunk  to  5  bushels 
to  the  acre.  Being  still  less  suitable  to  wheat,  that  crop  would 
have  been  scarcely  worth  being  sown  on  the  land  in  its  best  natural 
state  (when  the.  product  might  be  6  bushels),  and  certainly  not  at 
all  after  a  few  years  of  the  usual  downward  progress.  The  effects  , 
of  putrescent  manures  were  very  transient,  as  on  all  such  poor  lands. 

Experiment  1. 

The  part  'B  G  g  h,  about  11  acresi  grubbed  and  the  trees  cut 
down  in  the  winter  of  1814-15— suffered  to  lie  three  years  with 
most  of  the  wood  and  brush  on  it.  February,  1818,  my  earliest 
application  of  marl  was  made  on  the  smaller  part  B  C  »i  Z,  ^bout 
2}  acres.  Marl,  containing  33  per  cent,  of  pure  calcareous  earth, 
and  the  balance  silicious  sand,  except  a  very  small  proportion  of 
clay;  the  shelly  matter  finely  divided.  Quantity  of  marl  to  the 
acre,  one  hundred  and  twenty-five  to  two  hundred  heaped  bushels. 
The  whole  space  "RG  gh  coultered,  and  planted  in  its  first  crop  of 
com  in  1818.  This  was  my  earliest  experiment  of  calcareous 
manures. 

Results.  1818.  The  com  on  the  marled  land  evidently  much 
better — supposed  difference,  forty  per  cent. 

1819.  In  wheat.  The  difference  as  great,  perhaps  more,so< — 
particularly  to  be  remarked  from  the  commencement  to  the  end 
of  the  winter,  by  the  marled  part  preserving  a  green  colour,  while 
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the  remainder  was  seldom  visible  from  a  short  distance,  and  in  the 
spring  stood  much  thinner,  from  the  greater  number  of  plants 
killed  during  the  winter.  The  line  of  separation  very  perceptible 
throughout  both  crops. 

1820.  At  rest.  During  the  summer  marled  B  G  g  h,  at  the  rate 
of  five  hundred  bushels,  without  excepting  the  space  before  covered, 
and  a  small  part  of  that  made  as  heavy  as  one  thousand  bushels, 
counting  both  dressings.  The  shells  now  generally  coarse — average 
strength  of  the  marl,  37  per  cent,  of  calcareous  earth.  In  the 
winter  after,  ploughed  three  inches  deep  only,  as  nearly  as  could 
be;  which  however,  shallow  as  it  was,,  made  the  whole  new  surface 
yellow,  by  bringing  the  barren  sub-soil  of  yellow  sand  to  the  top. 
One  of  my  neighbours,  an  intelligent  and  experienced  farmer,  who 
saw  the  land  when  in  this  state,  pronounced  that  I  "had  ruined 
the  land  for  ever,  by  ploughing  and  turning  the  soil  too  deep." 

Results  continued,  1821.  In  corn.  The  whole  a  remarkable 
growth  for  such  a  soil.  The  oldest  (and  heaviest)  marled  piece 
better  than  the  other,  but  not  enough  so  to  show  the  dividing  line. 
The  average  product  of  the  whole  supposed  to  have  been  fully 
twenty-five  bushels  of  ripe  and  good  corn  to  the  acre. 

1822.  In  wheat — and  red  clover  sowed  on  all  the  old  marling, 
and  one  or  two  acres  adjoining.  A  severe  drought  in  June  killed 
the  greater  part  of  the  clover,  but  left  it  much  the  thickest  on  the 
oldest  marled  piece,  so  as  again  to  show  the  dividing  line,  and  to 
yield,  in  1823,  two  middling  crops  to  the  scythe — the  first  that  I 
had  known  obtained  from  any  acid  soil,  without  high  improvement 
from  putrescent  manures. 

1823.  At  rest — nothing  taken  off,  except  the  clover  on  B  C  m  ?. 

1824.  In  corn — product  seemed  as  before,  and  its  rate  may  be 
inferred  from  the  actual  measurements  on  other  parts,  which  will 
be  stated  in  the  next  experiment,  the  whole  twenty-six  acres  being 
now  cleared,  and  brought  under  like  cultivation. 

Experiment  2. 

_  The  part  efn  o,  cleared  and  cultivated  in  com  at  the  same 
times  as  the  _  preceding — ^but  treated  differently  in  some  other 
respects.  This  had  been  deprived  of  nearly  all  its  wood,  and  the 
brush  burnt,  at  the  time  of  cutting  down — and  its  first  crop  of 
corn  (1818)  being  very  inferior,  was  not  followed  by  wheat  in 
1819,  because  promising  too  little  product  to  pay  for  the  cost  of 
the  crop.  This  gave  two  years  of  rest  before  the  crop  of  1821 — 
and  five  years  rest  out  of  six,  since  the  piece  had  been  cut  down. 
As  before  stated,  the  soil  rather  lighter  on  the  side  next  to  o  e, 
than  nf. 

_  March,  1821.  A  measured  acre  near  the  middle,  covered  with 
six  hundred  bushels  of  calcareous  sand,  containing  20  per  cent. 
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of  calcareous  earth,   the  upper  layer  of  another '  body  of  fossil 
shells. 

Results.  1821.  In  corn.  October — the  four  adjoining  quarter 
acres,  marked  1,  2,  3,  4,  extending  nearly  across  the  piece,  two 
of  them  within,  and  two  without  the  marled  part,  measured  as 
follows  : 

Not  marled,  No.  1,     6i )  ,    .,  nn,  i    ,   ,     n 

Do  No  4      5i  I  ^'^^'^g^  *°  ^"^  ^"'6  22  J  bushels  of  grain. 

Mafled,         No.  2,     8^1  ooi  v    i.  i 

Do  No  3      84  I  ^^^''^S^  *^°*  bushels. 

The  remainder  of  this  piece  was  marled  before  sowing  wheat  in 
1821. 

1823.  At  rest. 

1824.  In  corn — distance  5J  by  3i  feet,  making  2486  stalks  to 
the  acre.  October  11th,  measured  two  quarter  acres  very  nearly, 
if  not  precisely,  coinciding  with  Nos.  2  and  3  in  the  last  measure- 
ment.    The  products  now  were  as  follows : 

No.  2  brought  7  bushels  Si  pecks,  "\ 

or  per  acre,      ....  31.1  [■  average  31.2  J. 
No.  3  brought  8  bushels,      .        .  32     ) 

Average  in  1821,      ......  33.L 

Eayperiment  3. 

The  parte/g'  A.  was  cut  down  in  January,  1821,  and  the  land 
planted  in  corn  the  same  year.  The  coultering  and  after-tillage 
very  badly  executed,  on  account  of  the  number  of  whortleberry 
and  other  roots.  As  much  as  was  convenient  was  marled  at  six 
hundred  bushels,  37  per  cent,  and  the  dressing  limited  by  a  straight 
line.     Distance  of  com  5  J  by  3}  feet — ^2262  stalks  to  the  acre. 

Results.  1821.  October — on  each  side  of  the  dividing  line,  a 
piece  of  twenty-eight  by  twenty-one  com  hills  measured  as  follows : 

No.  1,  588  stalks,  not  marled,  2  bushels,  equal  to  7  bushels  3 
pecks  the  acre.  , 

No.  2,  588  stalks,  marled,  4i  bushels,  equal  to  16  bushels  2J 
pecks  the  acre. 

1822.  In  wheat,  the  remainder  having  been  previously  marled. 

1823.  At  rest.  During  the  following  winter  it  was  covered  with 
a  second  dressing  of  marl  at  250  bushels^  45  per  cent.,  making 
850  bushels  to  the  acre  altogether. 

1824.  In  corn.  Two  quarfer  acres,  chosen  as  nearly  as  possible 
on  the  same  spaces  that  were  measured  in  1821,  produced  as  follows : 

No.  1  made#8  bushels,  2  pecks,  or  to  the  acre,  34  bushels. 
The  same  in  1821,  before  marling,     .         .         7.3  i 

Increase, 26. Of 
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No.  2  made  7  bushels,  2  J  pecks,  or  to  the  acre,    30.2 
The  same  in  1821,  after  marling,      .         .         16.2J 

Increase  average,         .         .         .         .         .    13.3J 

The  second  dressing  of  marl,  or  the  larger  quantity,  had  but 
little  effect  in  making  the  increase  of  crops  greater  than  in  1821. 
The  difference  was  caused  mainly  by  the  greater  length  of  time 
since  the  clearing  of  the  land. 

1825.  The  whole  twenty-six  acres,  including  the  subjects  of  all 
these  experiments  and  obserrations,  were  in  wheat.  The  first 
marled  piece,  in  Exp.  1,  was  decidedly  the  best — and  a  gradual 
decline  was  to  be  seen  to  the  latest.  I  have  never  measured  the 
product  of  wheat  from  any  experiment,  on  account  of  the  great 
trouble  and  difficulty  that  would  be  encountered.  Even  if  the 
wheat  from  small  measured  spaces  could  be  reaped  and  secured 
separately,  during  the  urgent  labours  of  harvest,  it  would  be 
scarcely  possible  afterwards  to  carry  the  different  parcels  through 
all  the  operations  necessary  to  show  exactly  the  clean  grain  derived 
from  each.  But  without  any  separate  measurement,  all  my  obser- 
vations convince  me  that  the  increase  of  wheat,  from  marling,  was 
at  least  equal  to  that  of  corn,  during  the  first  two  years,  and  cer- 
tainly greater  afterwards,  in  comparison  to  the  product  before  using 
marl. 

It  was  from  the  heaviest  marled  part  of  Exp.  1,  that  soil  was 
analyzed  to  find  how  much  calcareous  earth  remained  in  1826 
i(page  78.)  Before  that  time  the  marl  and  soil  had  been  well 
mixed  by  ploughing  to  the  depth  of  five  inches.  One  of  the 
specimens  of  this  soil  then  examined  consisted  of  the  following 
parts — half  an  inch  of  the  surface,  and  consequently  the  undecom- 
posed  weeds  upon  it,  being  excluded. 
1000  grains  of  soil  yielded 

769  grains  of  silicious  sand  moderately  fine, 
15        finer  sand, 

784 

8  calcareous  earth,  from  the  manure  applied, 

108  finely  divided  gray  clay,  vegetable  matter,  &c. 

28  lost  in  the  process. 


1000 


This  part,  it  has  been  already  stated,  was  originally  somewhat 
lighter  than  the  general  texture  of  the  remainder  of  the  land. 

Experiment  .4. 
The  four  acres  marked  KD  n  o  were  cleared  in  the  winter  of 
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1823-4.  The  lines  p  q  and  r  s  divide  the  piece  nearly  into  quar- 
ters. The  end  nearest  Ap  ois  lighter,  and  best  for  corn,  and  was 
still  better  for  the  first  crop,  owing  to  nearly  all  tha,t  half  having 
been  accidentally  burnt  over.  After  twice  coultering,  marl  and 
putrescent  manures  were  applied  as  follows;  and  the  products 
measured,  October  11th,  the  same  year. 

s  q  not  marled  nor  manured — ^produced  on  a  quarter  acre  (No, 
4),  of  soft  and  badly  filled  corn, 

Bush.  P. 

3  bushels, or  per  acre    12. 

q  r  and  r  p,  marled  800  bushels  (45  per  cent.)  by  three 
measurements  of  difierjent  pieces — 

Quarter  acre  (No.  1)  5  bushels,  very  nearly,  or  per  acre    19.3J 

Eighth  (No.  2)  2M   f  average  \         .         .        .    22.2 

Eighth  (No.  3)  3.1i  {  24.1J  I    •     .        .         .27. 

s  t  manured  at  900  to  1100  bushels  to  the  acre,  of  which, 

Quarter  acre  (No.  5)  with  rotted   com  stalks,  from  a 

winter  cow-pen,  gave  5.2J 22.2 

Eighth  (No.  6)  with  stable  manure,  4.1f      .         .     35.2 

Eighth  (No.  7)  covered  with  the  same  heavy  dress- 

ings of  stable'  manure,  and  of  marl  also,  gave  4.2      .     36. 

p  w,  marled  at  450  bushels,  brought  not  so  good  a  crop 
as  the  adjoining  rp  at  800. 

The  distance  was  5  J  by  3  i  feet.  Two  of  the  quarter  acres  were 
measured  by  a  surveyor's  chain  (as  were  four  other  of  the  experi- 
ments of  1824),  and  found  to  vary  so  little  from  the  distance 
counted  by  corn  rows,  that  the  difference  was  not  worth  notice. 

1§25.  Inwheat,  the  different  marked  pieces  seemed  to  yield  in 
comparison  to  each  other,  proportions  not  perceptibly  different  from 
those  of  the  preceding  crop — but  the  best  not  equal  to  any  of  the 
land  marled  before  1822,  as  stated  in  the  1st,  2d,  and  3d  experi- 
ments. 

1827.  Wheat  on  a  very  rough  and  imperfect  summer  fallow. 
This  was  too  exhausting  a  course,  (being  three  grain  crops  in  the 
four-shift  rotation),  but  was  considered  necessary  to  check  the 
growth  of  bushes  that  had  sprung  from  the  roots  still  living.  The 
crop  was  small,  as  might  have  been  expected  from  its  bad  pre- 
paration. 

1828.  Corn — in  rows  five  feet  apart,  and  about  three  feet  of 
distance  along  the  rows,  the  seed  being  dropped  by  the  step. 
Owing  to  unfavourable  weather,  and  to  insects  and  other  vermin, 
not  more  than  half  of  the  first  planting  of  this  field  lived ;  and  so 
much  replanting  of  course  caused  its  product  to  be  much  less  ma- 
tured than  usual,  on  the  weaker  land.  All  the  part  not  marled 
(and  more  particularly  that  manured)  was  so  covered  by  sorrel,  as 
,tOk  require  ten  times  as  much  labour  in  weeding  as  the  marled  partSj 

11 
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which,  as  in  every  other  such  ease,  bore  no  sorrel.  October  loth-, 
gathered  and  measured  the  corn  from  the  several  spaces,  which 
were  laid  ofiF  (by  the  chain)  as  nearly  as  could  be,  on  the  same 
land  as  in  1824.  The  products  so  obtained,  together  with  those 
of  the  previous  and  subsequent  courses  of  tillage,  will  be  presented 
below  in  a  tabular  form,  for  the  purpose  of  being  more  readily 
compared. 

[On  the  wheat  succeeding  this  crop,  clover  seed  was  sown,  but 
very  thinly,  and  irregularly.  On  the  parts  not  marled,  only  a  few 
yards  width  received  seed,  which  the  next  year  showed  the  ex- 
pected result  of  scarcely  any  living  clover,  and  that  very  mean. 
On  the  marled  portions,  the  growth  of  clover  was  of  middling 
quality.  Was  not  mowed  or  grazed,  but  seed  gathered  by  hand 
both  in  1830  and  1831.] 

1832.  Again  in  com.  It  was  soon  evident  that  much  injury  was 
caused  to  the  marled  half  qp  o  n,  by  the  too  great  quantity  ap- 
plied. A  considerable  proportion  of  the  stalks,  during  their  growth, 
showed  strongly  the  marks  of  disease  from  that  cause,  and  some 
were  rendered  entirely  barren.  A  few  stalks  only  had  appeared 
hurt  by  the  quantity  of  marl  in.  1828.  On  the  lightly  marled 
piece,  w  p,  and  also  on  w  t,  where  the  heaviest  marling  was  accom- 
panied by  stable  manure,  there  appeared  no  sign  of  injury.  The 
products  of  the  [three]  successive  crops  were  as  follows : 


CQ 

DESCEIPTION. 

PR0DDCT3    OF    GKAIN   PEK   ACEE. 

1st  course. 

2d  course. 

[3d  course. 

1824. 

1828. 

1832. 

October  11. 

October  15. 

■  October  26. 

Bush,    pecks. 

Bush,    pecks. 

Bush,    pecks. 

sq 

Not  marled  or  manured, 

12 

21        1 

17        3* 

qrl 

Marled  at  800  bushels, 

19        3i 

28        li 

28          *■ 

rp2 

The  same. 

22        2   1 

27       ; 

rp3 

The  same, 

31        OJ 

27       3 

stb 

Cow-pen  manure  only,900 

to  1100  bushels, 

22        2 

25        2 

more  than  »  q 

si  6 

Stable  manure  only,  900 

to  1100  bushels. 

85        2 

29 

28        1 

wn 

Marl  and  stable  manure, 

both  as  aboTe, 

36 

33        2 

37        3i 

w  p 

Marled  at  450  bushels. 

Less  than  t  \ 
P  (800)     / 

Equal  to  r^ 

31        3 

[This  experiment  has  been  made  with  much  trouble,  and  every 
care  bestowed  to  insure  accuracv.  Still  several  causes  have  ope- 
rated to  affect  the  correctness  of  the  results,  and  to  prevent  the 
comparative  products  showing    the    true  rate  of  improvement, 
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either  from  the  marl  or  the  putrescent  mMure.    These  ca  ases  will 
be  briefly  stated. 

1st.  The  quantity  of  marl  (800  bushels)  m  q  r  and  r  p  is  nearly 
double  the  amount  that  ought  to  have  beiiu  used;  and  this  error 
has  not  only  increased  the  expense  uselessly  but  has  served  to  pre- 
vent the  increase  of  product  that  would  otherxfise  have  taken  place. 
This  loss  is  proved  by  the  gradual  increase,  a,a-i  at  last  the  greater 
product  of  w  p,  marled  at  only  450  bushels. 

2d.  The  comparative  superiority  of  all  the  marled  ground  to  s 
q,  not  marled,  is  lessened  by  this  circumstance  :  most  of  the  large 
logs,  as  well  as  all  the  small  branches,  were  burnt  upon  the  land, 
when  it  was  cleared  in  1824,  before  the  experiment  was  com- 
menced ;  and  the  ashes  have  durably  improved  a  spot  where  each 
of  these  large  fires  was  made  on  s  q,  but  have  done  no  good,  and 
perhaps  have  been  injurious,  to  the  marled  pieces  that  were  made 
sufficiently  calcareous  without  the  addition  of  ashes.  At  least,  the 
good  eflTect  of  ashes,  on  spots,  is  very  evident  in  s  q,  and  has  helped 
somewhat  to  increase  all  its  measured  products,  and  no  such  benefit 
has  been  visible  on  the  marled  parts. 

■  3d.  The  quantity  of  putrescent  manure  applied  to  s  t  (900  to 
1100  bushels)  was  much  too  great  both  for  fair  experiment  and 
profit;  and  the  excess  of  quantity,  together  with  the  imperfectly 
rotted  state  of  the  stable  manure,  has  given  more  durability  to  the 
effect,  than  is  to  be  expected  from  a  more  judicious  and  economical 
rate  of  manuring  on  such  land  when  not  marled.  For  these  several 
seasons,  it  is  evident  that  far  more  satisfactory  results  than  even 
these  would  have  been  obtained,  especially  in  the  amounts  of  nett 
products,  if  only  half  as  much  of  either  marl  or  manure  had  been 
applied. 

There  are  other  circumstances  to  be  considered,  which,  if  not 
attended  to,  will  cause  the  comparative  increase  or  decrease  of  pro- 
duct in  this  experiment  to  be  misunderstood.  It  is  well  known 
that  poor  land  put  under  tillage  immediately  after  being  cleared, 
as  this  was  in  1824,  will  not  yield  near  as  much  as  on  the  next 
succeeding  course  of  crops.  This  increase,  which  depends  merely 
on  the  effects  of  time,  operates  independently  of  all  other  means 
for  improvement  that  the  land  may  possess  j  and  its  rate,  in  this 
experiment,  may  be  fairly  estimated  by  the  increase  on  the  piece 
s  q  from  1824  to  1828.  The  increase  here,  where  time  only  acted, 
was -from  12  to  21}  bushels.  But  as  the  corn  gathered  here  was 
always  much  the  most  imperfectly  ripened,  and  would  therefore 
lose  the  most  by  shinking,  I  will  suppose  eight  bushels  to  be  the 
rate  of  increase  from  time,  and  that  so  much  of  the  product  of  all 
the  pieces  should  be  attributed  to  that  cause.  Then,  to  estimate 
alone  the  increased  or  diminished  effects  of  marl  or  manure  on  the 
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other  pieces,  eight  bushels  should  be  deducted  from  all  the  dif- 
ferent applications,  and  the  estimate  will  stand  thus : 


1824. 


1828. 


gr  1 
fpl 
rp  3 
>t  5 
St  6 


B.      P. 

19  3J 

22  2 
35  2 


28  ij 

31 

25 
29 


B.    P. 

0  2 


1  n 

5  2 
14  2 


From  800  bushels  of  marl. 

800    "  of  marl. 

1000    "  cow-pen  manure. 
1000    "  stable  manure. 


Even  the  piece  covered  with  both  marl  and  stable  manure  (w  t) 
shows  according  to  this  estimate  a  diminished  effect  equal  to  lOJ 
bushels  ;  which  was  owing  to  the  marl  not  being  able  to  combine 
with,  and  fix,  so  great  a  quantity  of  manure,  in  addition  to  the 
vegetable  matter  left  by  its  natural  growth  of  wood.  The  piece 
w  p,  marled  at  450  bushels  alone,  has  shown  a  steady  increase  of 
product  at  each  return  of  tillage,  and  thereby  has  given  evidence 
of  its  being  the  only  improvement  made  in  such  manner  as  both 
judgment  and  economy  would  have  directed. 

[After  the  crop  and  measurement  of  1832,  it  was  inferred  that 
the  separate  products  of  such  small  spaces  could  no  longer  be  relied 
on,  owing  to  the  mixture  of  the  surfaces  of  adjacent  parts,  necessa- 
rily caused  by  tillage.  Therefore  the  previously  omitted  parts  were 
marled  before  the  next  course  of  crops  came  round. — 1842.] 


CHAPTER  Xn. 

EFFECTS  OF  CALCAREOUS  MANURE  ON  ACID  CLAY  (OR  STIFP)  SOILS, 
RECENTLY  CLEARED. 

Proposition  5 — contimied. 

The  two  next  experiments  were  made  on  another  field  of  thirty 
acres  of  very  uniform  quality,  marled  and  cleared  in  1826  and  the 
succeeding  years.  The  soil  is  very  stiff,  close,  and  intractable  un- 
der cultivation — seems  to  contain  scarcely  any  sand — ^but,  in  fact, 
about  one  half  of  it  is  composed  of  silicious  sand,  which  is  so  fine, 
when  separated,  as  to  feel  like  the  finest  flour.  Only  a  small  pro- 
portion of  the  sand  is  coarser  than  this  state  of  impalpable  powder. 
•  Clayey  earth  of  a  dirty  pale  yellow  colour  forms  nearly  all  of 
its  remaining  ingredients.  Before  being  cleared  of  the  forest- 
growth,  and  ploughed,  the  soil  is  not  an  inch  deep;  and  all  below 
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for  many  feet,  is  apparently  composed  of  the  like  parts  of  clay 
and  fine  sand.  This  is  decidedly  the  most  worthless  kind  of  soil, 
in  its  natural  state,  that  our  district  furnishes.  It  is  better  for 
wheat  than  for  corn,  though  its  product  is  contemptible  in  every- 
thing. It  is  difficult  to  be  made  wet,  or  dry — and  therefore  suffers  ' 
more  than  other  soils  from  both  dry  and  wet  seasons,  but  espe- 
cially from  the  former.  It  is  almost  always  either  too  wet  or  too 
dry  for  ploughing  j  and  sometimes  it  will  pass  through  both  states 
ia  two  or  three  clear  and  warm  days.  If  broken  up  early  in  win- 
ter, the  soil,  instead  of  being  pulverized  by  frost,  like  most  clay 
lands,  runs  together  again  by  freezing  and  thawing ;  and  by  March, 
will  have  a  sleek  (though  not  a  very  even)  crust  ,upon  the  surface, 
quite  too  hard  to  ■  plant  on  without  a  second  ploughing.  The 
natural  growth  is  principally  white  and  red  oaks,  a  smaller  proportion 
of  pine,  and  an  under-growth  of  whortleberry  bushes  throughout. 

Experiment  5. 

On  one  side  of  this  field  a  marked  spot  of  thirty-five  yards 
square  was  left  out,  when  the  adjoining  land  was  marled  at  the 
rate  of  five  hundred  to  six  hundred  bushels  (37  per  cent.)  to  the 
acre.  Paths  for  the  carts  were  opened  through  the  trees,  and  the 
marl  dropped  and  spread  in  January,  1826,  and  the  land  cleared  the 
following  winter.  Most  of  the  wood  was  carried  off  for  fuel ;  the 
remaining  logs  and  brush  burnt  on  the  ground,  as  usual,  at  such 
irregular  distances  as  were  convenient  to  the  labourers.  This  part 
was  perhaps  the  poorer,  because  wood  had  previously  been  cut  here 
for  fuel ;  though  only  a  few  trees  had  been  taken,  here  and  there, 
each  winter,  for  a  long  time  past. 

Results,  1827.  Planted  in  corn  the  whole  recent  clearing  of 
fifteen  acres — all  marled,  except  the  spot  left  out  for  experiment : 
broken  up  late  and  badly,  and  worse  tilled,  as  the  land  was  gene- 
rally too  hard,  until  the  season  was  too  far  advanced  to  save  the 
crop.  The  whole  crop  so  small,  that  it  was  useless  to  attempt 
to  measure  the  products.  The  difference  would  have  been  only 
betweeji  a  few  imperfect  ears  on  the  marled  ground,  and  still  less 
: — ^indeed  almost  nothing — on  that  not  marled. 

1828.  Again  in  corn — as  well  broken  and  cultivated  as  usual 
for  such  land.  October  8th^cut  down  four  rows  of  corn  running 
through  the  land  not  marled,  and  eight  others,  alongside  on  the 
marled — all  fifty  feet  in  length.  The  rows  had  been  laid  off  for 
five  and  a  half  feet — but  were  found  to  vary  a  few  inches — for 
which  the  proper  allowance  was  taade,  by  calculation.  The  spaces 
taken  for  measurement  were  caused  to  be  thus  small  by  a  part  of 
the  corn  having  been  inadvertently  cut  down  and  shocked,  just  • 
before.  The  ears  were  shelled  when  gathered ;  and  the  products, 
11* 
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measured  in  a  vessel  which  held  (by  trial)  l-80th  of  a  hushel, 
were  as  follows : 

On  land  not  marled, 

4  rows,  average  5  feet,  and  50  in  length  (500  square  feet)  13} 
measures,  or  to  the  acre  7}  bushels. 

On  adjoining  marled  land, 

4  rows,  average  5  feet  IJ  inches  by  50  feet=  512  square  feet, 
25f  measures,  or  to  the  acre  13J  bushels. 

4  next  rows,  5  feet  4  J  inches  by  50  =  537  square  feet,  27  J  mea- 
sures, or  to  the  acre  14  bushels. 

1829.  In  wheat. 

1830.  At  rest — the  weeds,  a  scanty  cover. 

1831.  In  corn.  October  20th — measured  by  the  chain  equal 
spaces,  and  gathered  and  measured  their  products.  The  corn  not 
marled  was  so  imperfectly  filled,  that  it  was  necessary  to  shell  it, 
for  fairly  measuring  the  quantity.  The  marled  parcels,  being  of 
good  ears  generally,  were  measured  as  usual,  by  allowing  two 
heaped  measures  of  ears,  for  one  of  grain. 

On  land  not  marled, 
363  square  yards  made         .....         3  gallons, 

or  to  the  acre,  ......         5  bushels. 

On  marled  land,  close  adjoining  on  one  side, 
363  square  yards  made  rather  more  than  6  gallons — to  the  acre, 
10  bushels.   863  square  yards  on  another  side,  made  not  quite  8 
gallons,  or  to  the  acre,  12  bushels. 

The  piece  not  marled  coincided  with  that  measured  in  1828,  as 
nearly  as  their  difference  of  size  and  shape  permitted — as  did  the 
last  named  marled  piece,  with  the  two  of  1828.-  The  last  crop 
was  greatly  injured  by  the  wettest  summer  that  I  have  ever  known, 
which  has  caused  the  decrease  of  product  exhibited  in  this  experi- 
ment— which  will  be  best  seen  in  this  form : 

Product  of  grain  to  the  acre. 
1828— October  18.     1831— October  20. 
7  bushels  1  peck.         .         5  bushels. 
13      «       3    "  .       11       « 

Experiment  6. 


Not  marled, 
Marled  (average), 


e 

D 

|c 

A 

E 

/ 

B 

MARLING   ON  ACID   CLAY  SOIL.  127 

The  remainder  of  the  thirty  acres  was  "grubbed  during  the  win- 
ter of  1826-27 ;  marled  the  next  summer  at  five  hundred  to  six 
tundred  bushels  the  acre — marl  40  per  cent.  A  rectangle  (A) 
11  by  13  poles,  was  laid  off  by  the  chain  and  compass,  and  left 
without  marl.  All  the  surrounding  land  supposed  to  be  equal  in 
quality  with  A — and  all  level,  except  on  the  sides  E  and  B,  which 
were  partly  sloping,  but  not  otherwise  different.  The  soil  suited  to 
the  general  description  given  before ;  no  material  difi'erence  known 
or  suspected  between  the  land  on  which  5th  experiment  was  made 
and  this,  except  that  the  latter  had  not  been  robbed  of  any  wx)od 
■for  fuel,  before  clearing.  The  large  trees  (or  all  more  than  ten 
inches  through)  were  belted,  and  the  smaller  cut  down  in  the  be- 
ginning of  1828,  and  all  the  land  west  of  the  line  e  f,  was  planted 
in  corn.  As  usual,  the  tillage  bad,  and  the  crop  very  small.  The 
remainder  lying  east  of  e  f,  was  coultered  once;  but,  as  more  labour 
could  not  be  spared,  nothing  more  was  done  with  it  until  the  latter 
part  of  the  winter,  1829,  when  it  was  broken  by  two-horse  ploughs, 
oats  sown  and  covered  by  trowel  ploughs ;  then  clover  sown,  and  a 
wooden-tooth  harrow  passed  over  to  cover  the  seed,  and  to  smooth 
down,  in  some  measure,  the  masses  of  roots  and  clods. 

Results,  1829.  The  oats  produced  badly ;  but  yielded  more  for 
the  labour  required  than  corn  would  have  done.  The  young  clover 
on  the  marled  land  was  remarkably  good,  and  covered  the  surface 
completely.  In  the  unmarled  part.  A,  only  two  casts  through  had 
been  sown,  for  comparison,  as  I  knew  it  would  be  a  waste  of  seed. 
This  looked  as  badly  as  had  been  expected. 

1830.  The  crop  of  clover  would  have  been  considered  excellent 
even  on  good  land,  and  was  most  remarkable  for  so  poor  a  soil  as 
this.  The  strips  sown  through  A,  had  but  little  left  alive,  and 
that  scarcely  of  a  size  to  be  observed,  except  one  or  two  small 
tufts,  where  I  supposed  some  marl  had  been  deposited  by  the 
cleaning  of  a  plough,  or  that  ashes  had  been  left,  from  burning 
the  brush.  The  growth  of  clover  was  left  undisturbed  until  after 
midsummer,  when  it  was  grazed  by  my  small  stock  of  cattle,  but 
not  closely. 

1831.  Corn  on  the  whole  field.  October  20th,  measured  care- 
fully half  an  acre  (10  by  8  poles)  in  A,  the  same  in  D,  and  half 
as  much  (10  by  4)  in  E.  No  more  space  could  be  taken  on  this 
side,  for  fear  of  getting  within  the  injurious  influence  of  the  con- 
tiguous woods.  No  measurement  was  made  on  the  side  B,  because 
a  large  oak,  which  the  belting  had  not  killed,  aflfected  its  product 
considerably.  Another  accidental  circumstance  prevented  my 
being  able  to  know  the  product  of  the  side  C,  which  however  was 
evidently  and  greatly  inferior  to  all  the  marled  land  on  which  oats 
and  clover  had  been  raised.  This  side  had  been  in  corn,  followed 
by  wheat,  and  next  (1830)  under  its  spontaneous  growth  of  weeds. 
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The  corn  on  each  of  the  measured  spaces  was  cut  down,  and  put 
in  separate  shocks — and  on  Nov.  25th,  when  well  dried,  the  parcels 
were  shucked  and  measured,  before  being  moved.  We  had  then 
been  gathering  and  storing  the  crop  for  more  than  fifteen  days ; 
and  therefore  these  measurements  may  be  considered  as  showing 
the  amount  of  dry  and  firm  grain,  without  any  unusual  deduction 
being  required  for  shrinkage.  / 

Bush.  Pka. 
A  (half  acre)  made  7}  bush,  of  ears,  or  of  grain  to  the  acre,  7     1 

D  (half  acre)         16J 16     3 

E  (quarter  acre)    11 22 

The  sloping  surface  of  the  side  E,  prevented  water  from  lying 
on  it,  and  therefore  it  suffered  less,  perhaps  not  at  all,  from  the 
extreme  wetness  of  the  summer,  which  evidently  Injured  the  growth 
on  A  and  D,  as  well  as  of  all  the  other  level  parts  of  the  field. 

[1832.    The  field  in  wheat. 

1833.  In  clover,  which  was  grazed,  though  not  closely,  after  it 
had  reached  its  full  growth.  * 

1834.  Corn,  a  year  earlier  than  would  have  been  permitted  by 
the  four-shift  rotation.  The  tillage  was  insufficient,  and  made  still 
worse  by  the  commencement  of  severe  drought  laefore  the  last 
ploughing  was  completed,  which  was  thereby  rendered  very  labori- 
ous, and  imperfect  withal.  The  drought  continued  through  all 
August,  and  greatly  injured  the  whole  crop  of  corn. 

Remits  continued.  October  22d.  Marked  off  by  a  chain  half 
an  acre  within  the  space  A  (8  by  10  poles)  as  much  in  D,  and  a 
quarter  acre  (10  by  4  poles)  m  each  of  the  other  three  sides  C,  B, 
and  E,  having  each  of  the  last  four  spaces  as  near  as  could  be  to 
the  outlines  of  the  space  A.  The  products  carefully  measured  (in 
the  ears)  yielded  as  follows  : 

A,  not  marled,  yielded    6  bush.  OJ  peck  of  grain,  to  the  acre. 

D,  marled,  "       19     "      3J     "  « 

E,  do.  "       20    «     1       "  « 
C,     do.                 "       20     "     2       "                               « 

B,  do.  "       20    "     li    "  " 

In  comparing  these  products  with  those  of  the  same  land  in 
1831,  stated  above,  it  should  be  remembered  that  the  com  formerly 
measured  was  dry,  while  that  of  the  last  measurement  had  yet  to 
lose  greatly  by  shrinking.  As,  after  early  gathering,  the  corn  from 
the  poorest  land  of  course  will  lose  most  by  drying,  and  as  the 
ears  on  A  were  generally  very  defective  and  badly  filled,  if  the 
measurement  had  been  made  in  the  sound  and  well  dried  grain  of 
each  parcel,  the  product  of  A  could  not  have  exceeded  one-fourUi 
of  that  of  the  surrounding  marled  land,  and  probably  was  less. 

But  though  these  differences  of  product  present  the  improvement 
caused  by  marling  in  a  striking  point  of  view,  this  close  and  stub- 
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born  soil  at  best  is  very  unfit  fot  the  com  crop ;  and  its  highest 
value  is  found  under  clover,  and  in  wheat  on  clover,  of  which  some 
proofs  will  be  found  in  the  next  experiment.  The  first  crop  of 
clover,  however,  after  marling,  has  not  since  been  equalled. — 1835.] 
[My  subsequent  distant  residence  prevented  my  observing  this 
fieli  when  under  any  matured  crop,  until  in  1842,  when  in  wheat. 
The  then  growth  on  the  unmarled  space  was  certainly  not  more  than 
one-fourth  as  much  as  that  of  the  surrounding  ground. — 1842.] 

JExperiment  7. 

Another  piece  of  land  of  twenty-five  acres,  of  soil  and  qualities 
similar  to  the  last  described  (Exp.  5  and  6),  was  cleared  in  1818, 
and  about  6  acres  marled  in  1819,  at  about  three  hundred  and  fifty 
bushels.     The  course  of  cultivation  was  as  follows : 

1820.  Corn — ^benefit  from  marl  very  unequal — supposed  to  vary 
between  twenty-five  and  eighty  per  cent. 

1821.  Wheat — the  benefit  derived  greater. 

1822.  At  rest. 

1823.  Ploughed  early  for  corn,  but  not  planted.  The  whole 
marled  at  the  rate  of.  six  hundred  bushels  (40  per  cent.),  again 
ploughed  in  August,  and  sown  in  wheat  in  October.  The  old 
marled  space  more  lightly  covered,  so  as  to  make  the  whole  nearly 
equal. 

1824.  The  wheat  much  improved. 
1825  and  1826,  at  rest. 

1827.  Corn.       ^ 

1828.  In  wheat,  and  sown  in  clover. 

1829.  The  crop  of  clover  was  heavier  than  any  I  had  ever  seen 
in  this  part  of  the  country,  except  in  some  very  rare  cases  of  rich 
natural  soil,  where  gypsum  was  used  and  acted  well.  The  growth 
was  thick,  but  unequal  in  height  (owing  probably  to  unequal 
spreading  of  the  marl),  standing  from  fifteen  to  twenty-four  inches 
high.  The  first  growth  was  mowed  for  hay,  and  the  second  left  to 
manure  the  land. 

1830.  The  clover  not  mowed.  Fallowed  in  August,  and  sowed 
wheat  in  October,  after  a  second  ploughing. 

1831.  The  wheat  was  excellent,  almost  heavy  enough  to  be  in 
danger  of  lodging.  I  supposed  the  product  to  be  certainly  twenty 
bushels,  perhaps  twenty-five,  to  the  acre. 

As  it  had  not  been  designed  to  make  any  experiment  on  this 
land,  the  progress  of  improvement  was  not  observed  with_  much 
care.  But  whatever  were  the  intermediate  steps,  it  is  certain  that 
the  land,  at  first,  was  as  poor  as  that  forming  the  subjects  of  the  two 
preceding  experiments  in  the  unimproved  state  (the  measured  pro- 
ducts of  which  have  been  given),  and  that  its  last  prop  was  at  least 
four  times  as  great  as  could  have  been  obtained,  if  marl  had  not 
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been  applied.  The  peculiar  fitness  of  this  kind  of  soil  for  clover 
after  marling,  and  the  supposed  cause  of  the  remarkable  heavy  first 
crop  of  clover,  will  require  further  remarks,  and  will  be  again 
referred  to  hereafter. 


CHAPTER  XIII. 

THE  EFFECTS  OF  CAIiCAREOUS  MANURES   ON  ACID   SOILS  EEDXTCED 
BY  CULTIVATION. 

Proposition  5 — continued. 

My  use  of  marl  has  been  more  extensive  on  impoverished  acid 
soils  than  on  all  other  kinds,  and  has  never  failed  there  to  produce 
striking  improvement.  Yet  it  has  unfortunately  happened  that  the 
two  experiments  made  on  such  land  with  most  care,  and  on  which 
I  relied  mainly  for  evidence  of  the  durable  and  increasing  benefit 
from  this  manure,  have  had  their  beneficial  effects  almost  destroyed 
by  the  applications  having  been  made  too  heavy.  These  experi- 
ments, like  the  4th  and  6th,  already  reported,  were  designed  to  re- 
main without  any  subsequent  alteration,  so  that  the  measurement' 
of  their  products,  once  in  every  succeeding  course  of  crops,  might 
exhibit  the  progress  of  improvement  under  all  the  difi"erent  circum- 
stances. As  no  danger  was  then  feared  from  such  a  course,  marl 
was  applied  heavily,  that  no  future  addition  might  be  required; 
and  for  this  reason,  I  have  to  report  my  greatest  disappointments 
exactly  in  those  cases  where  the  most  evident  success  and  increas- 
ing benefits  had  been  expected.  However,  these  failures  will  be 
stated  fairly,  and  as  fully  as  the  most  successful  results ;  and  they 
may  at  least  serve  to  warn  from  the  danger  of  error,  though  not  to 
show,  aa  was  designed,  the  greatest  profits  of  judicious  marling. 

[It  should  be  observed  that  the  general  rotation  of  crops  pur- 
sued on  the  farm,  on  all  land  not  recently  cleared,  was  that  of  four 
shifts  (corn,  wheat,  and  then  the  land  two  years  at  rest  and  not 
grazed),  though  some  exceptions  to  this  course  may  be  remarked 
in  some  of  the  experiments  to  be  stated.] 

Experiment  8. 
Of  a  poor  sandy  acid  loam,  seven  acres  were  marled  at  the  rate 
■of  only  ninety  bushels  (37  per  cent.)  to  the  acre;  laid  on  and 
spread  early  in  1819. 

Results,  1819.  In  corn — the  benefit  too  small  to  be  generally 
perceptible,  but  could  be  plainly  distinguished  along  part  of  the 
outline,  by  comparing  with  the  part  not  marled. 
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1820.  Wheat — ^the  effect  something  better ;  and  continued  to  be 
visible  on  the  weeds  following,  until  the  whole  was  more  heavily 
marled  in  1823. 

Eicperiment  9. 

In  the  same  field,  on  soil  as  poor  and  more  sandy  than  the  last 
described,  four  acres  were  marled  at  one  hundred  and  eighty 
bushels  (37  per  cent.),  March  1818.  A  part  of  the  same  was  also 
covered  heavily  with  rotted  barn-yard  manure,  which  also  extended 
through  similar  land  not  marled.  This  furnished  for  observation, 
land  marled  only — manured  only — marled  and  manured — and  some 
without  either.  The  whole  space,  and  more  adjoining,  had  been 
heavily  manured  five  or  six  years  before  by  summer  cowpens,  and 
stable  litter — of  which  no  appearance  remained  after  two  years. 

Results,  1819.  In  corn.  The  improvement  from  marl  very  evi- 
dent ;  but  not  to  be  distinguished  on  the  part  covered  also  by  ma- 
nure, the  effect  of  the  latter  so  far  exceeding  that  of  the  marl  as 
to  conceal  it. 

1820.  In  wheat.    In  1821  and  1822,  at  rest. 

1823.  In  corn — 5J  by  3i  feet.  The  following  measurements 
were  made  on  adjoining  spaces  on  October  10th.  The  shape  of  the 
ground  did  not  admit  of  larger  pieces,  equal  in  all  respects,  being 
measured,  as  no  comparison  of  products  had  been  contemplated  at 
first,  otherwise  than  by  the  eye. 

Bush.  Quarts. 
From  the  part  not  marled,  414  corn-hills  made  75  quarts — 

or  per  acre,  13       26 

Marled  only,  414  ....  100  .  18  12 
Manured  only,  490  .  .  .  .  105  .  15  5 
Marled  and  manured,  490    .         .         .         130        .       20       20 

The  growth  on  the  part  both  marled  and  manured  was  evidently 
inferior  to  that  of  1819.  This  was  to  be  expected,  as  the  small 
quantity  of  calcareous  earth  was  not  enough  to  fix  half  so  much 
putrescent  manure ;  and,  of  course,  the  excess  was  as  liable  to 
waste  as  if  no  marl  had  been  used. 

Experiment  10. 

Twenty  acres  of  sandy  loam,  on  a  sandy  sub-soil,  covered  in  1819 
with  marl  of  about  30  per  cent,  average  proportion  of  calcareous 
earth,  and  the  remainder  silicious  sand — at  800  bushels  to  the  acre. 
This  land  had  been  long  cleared,  and  much  exhausted  by  cultiva- 
tion-; since  1814  not  grazed,  and  had  been  in  com  only  once  vor 
four  years;  and,  as  it  was  not  worth  sowing  in  wheat,  had  thtee 
years  in  each  rotation  to  rest  and  improve  by  receiving  all  its  scanty 
growth  of  weeds.  The  same  course  has  been  continued  from  1819 
to  1832,  except  that  wheat  has  regularly  followed  the  crops  of 
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corn,  leaving  two  years  of  rest  in  four.  This  soil  was  lighter  than 
the  subject  of  any  preceding  experiment,  except  the  ytn.  un  a 
high  level  part,  surrounded  by  land  apparently  equal,  a  square  ot 
about  an  acre  (A)  was  staked  off,  and  left  without  marl— which 
that  year's  work  brought  to  two  sides  of  the  square  (0,  D,  and  Ji;. 


c 

1 

...A 

2 

i) 

B 

E 

Results,  1820.  In  com.  October  13th,.three  half  acres  of  marled 
land  were  measured,  and  as  many  on  that  not  marled,  and  close  ad- 
joining, and  produced  as  follows  : 


Not  marled. 
Bush. 
Half  acre  in  A,   7 
The  same  in  A,   7 
Half  acre  in  B,    7 


Bush. 

Pecks. 

12 

3 

13 

3f 

15 

OJ 

Marled. 
Pecks. 

1         adjoining  in  C, 
1  "  D, 

2J  "  E, 

The  average  increase  being  12  J  bushels  of  grain  to  the  acre, 
nearly  100  per  cent,  as  measured,  and  more  than  100  if  the  defect- 
ive filling,  and  less  matured  state  of  the  corn  not  marled,  be  con- 
sidered. The  whole  would  have  lost  more  by  shrinkage  than  is 
usual  from  equal  products. 

1821.  The  whole  in  wheat ;  much  hurt  by  the  wetness  of  the 
season.  The  marled  part  more  than  twice  as  good  as  that  left  out. 
1822  and  1823.  At  rest.  A  good  cover  of  carrot  weeds  and 
other  kinds  had  succeeded  the  former  growth  of  poverty  grass  and 
sorrel,  and  every  appearance  promised  additional  increase  to  the 
next  cultivated  crop.  November,  1823,  when  the  next  ploughing 
was  commenced,  the  soil  was  found  to  be  evidently  deeper,  of  a 
darker  colour,  and  firmer,  yet  more  friable.  The  two-horse  ploughs 
with  difficulty  (increased  by  the  cover  of  weeds)  could  cut  the  re- 
quired depth  of  five  inches,  and  the  slice  crumbled  as  it  fell  from 
the  mould-board.  But  as  the  furrows  passed  into  the  part  not 
marled,  an  immediate  change  was  seen,  and  even  felt  by  the 
ploughman,  as  the  cutting  was  so  much  more  easy,  that  care  was 
necessary  to  prevent  the  plough  running  too  deep ;  and  the  slices 
turned  over  in  flakes,  smooth  and  sleek  from  the  mould-board,  like 
land  too  wet  for  ploughing,  which  however  was  not  the  case.  The 
marling  of  the  field  was  completed  at  the  same  rate  (800  bushels), 
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which  closed  a  third  side  (B)  of  the  marked  square.  The  fourth 
side  was  my  neighbour's  field. 

1824.  In  corn.  The  newly  marled  (on  B)  showed  as  early  and 
as  great  benefit  as  was  found  in  1820  on  C  and  D ;  but  yet  was 
very  inferior  to  the  old,  until  the  latter  was  10  or  12  inches  high, 
when  it  began  to  give  the  first  known  evidence  of  the  very  injuri- 
ous effects  of  using  this  manure  too  heavily.  The  disease  thus 
produced  became  worse  and  worse,  until  many  of  the  plants  had 
been  killed,  and  still  more  were  so  stunted  as  to  leave  no  hope  of 
their  being  otherwise  than  barren.  The  effects  will  be  known  from 
the  measurements  which  were  made  as  nearly  as  could  be  on  the 
same  ground  as  the  corresponding  marks  in  1820,  and  will  be  ex- 
hibited in  the  table,  together  with  the  products  of  the  succeeding 
rotations.  Besides  the  general  injury  suffered  here  in  1824,  there 
were  one  hundred  ^.nd  three  corn-hills  in  one  of  the  measured 
quarter  acres  (in  C),  or  more  than  one-sixth,  entirely  barren,  and 
eighty-nine  corn-hills  in  another  quarter  acre  (D).  In  counting 
these,  none  of  the  missing  hills  were  included,  as  these  plants 
might  have  perished  from  other  causes.  [This  unlocked  for  disaster 
diminished  the  previous  increase  gained  by  marling,  by  nearly  one- 
half;  and  the  damage  has  since  been  still  greater,  at  each  succes- 
sive return  of  cultivation  until  some  years  after  1832. 

Just  before  planting  the  crops  of  1832,  straw  and  chaff  very 
imperfectly  rotted  by  exposure,  and  which  contained  no  admixture 
of  animal  manure,  were  applied  at  the  rate  of  800  bushels  the 
acre  to  half  the  square  without  marl  (A,  1),  and  to  the  adjacent 
parts  of  the  marled  land.  The  vegetable  manure  showed  but  slight 
benefit,  until  after  all  the  worst  effects  of  excessive  marling  had 
been  produced;  and  the  later  operation  of  the  manure  served 
barely  to  prevent  a  still  farther  diminution  being  exhibited  by  the 
land  injured  by  marl. 


g 

H 

DESCEIPTION. 

PBODUCT  IN  SHELLED  COEN  PER  ACHE. 

Ist  course 

2d  course 

3d  course 

4th  course 

tx 

1820. 

1824. 

1828. 

1832. 

October  13. 

October  16. 

October  13. 

October  19. 

Bush.     pk. 

Busb.     pk. 

Bush.     pk. 

Bush.     pk. 

A 

Not  marled, 

14     2 

16     1 

11     3J 

9     3 

Al 

After  manuring, 

16     3 
not  mea- 

B 

Not  marled  until  1823, 

15      1 

28 

19     2 

sured. 

I] 

Marled  in  1819 — manured 
with  chaff,  &c.,  in  1832, 

f25 

■  27    3J 
30    1 

19     2 
20 
not  mea- 

15 
19 
not  mea- 

18 

19      i 
not  mea- 

sured. 

sured. 

sured. 

12 
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ihe  crops  of  wheat  were  throughout  less  injured  by  the  excess 
of  marl  than  the  corn. 

For  the  crop  of  1828,  ploughed  with  three  mules  to  each  plough, 
from  six  to  seven  inches  deep — seldom  turning  up  any  sub-soil 
(which  was  formerly  within  three  inches  of  the  surface),  and  the 
soil  appearing  still  darker  and  richer  than  when  preparing  for  the 
crops  of  1824.  The  ploughing  of  the  square  not  marled  (A)  no- 
where exceeded  six  inches ;  yet  that  depth  must  have  injured  the 
land,  as  I  can  impute  to  no  other  cause  the  remarkable  diminution 
of  product,  through  four  courses  of  the  mild  four-shift  rotation. 
It  was  evident  that  a  still  greater  depth  of  furrow  was  not  hurtful 
to  the  marled  land.  A  strip  across  the  field,  in  another  place,  was 
in  1828  ploughed  eight  inches  deep  for  experiment,  by  the  side  of 
another  of  four  inches,  and  the  corn  on  the  deepest  ploughing  was 
the  best.  Another  strip  was  trench-ploughed  twelve  inches  deep, 
without  showing  any  perceptible  difference,  either  of  product  or  in 
the  effects  of  damage  from  the  excess  of  marl. 

This  square  left  without  marl  was  the  land  previously  referred  to 
(page  44)  as  showing  a  diminished  product  through  three  succes- 
sive courses  of  the  rotation  recommended  by  the  author  of  '  Arator' 
as  enriching.  Since,  another  crop  has  been  made  and  measured, 
and  found  to  be  still  smaller  than  any  previous.  To  whatever 
cause  this  continued  falling  of,  for  16  years,  may  be  attributed,  it 
is  at  least  a  remarkable  contradiction  to  the  doctrine  of  vegetable 
matter  serving  alone  to  make  poor  land  rich. 

Much  trouble  has  been  encountered  in  attending  to  this  experi- 
ment, and  much  loss  of  product  submitted  to,  since  its  commence- 
ment, for  the  purpose  of  knowing  the  progress  and  extent  of  the 
evil  caused  by  the  excess  of  marl.  But  another  portion  of  the 
field,  marled  as  heavily  in  1824,  and  where  equal  damage  was  ex- 
pected to  ensue,  has  been  entirely  relieved  by  intermitting  the  com 
crop  of  1828,  sowing  clover,  which  (by  manuring  with  gypseous 
earth,  or  green-sand  earth,  at  20  bushels  to  the  acre)  produced 
well,  and  which  was  left  to  fall  and  rot  on  the  land.  The  next 
growth  of  corn  on  this  part  of  the  field  (1832)  was  free  from  dis- 
ease, and  though  irregular,  seemed  to  the  eye  to  amount  to  full 
twenty-five  bushels  to  the  acre. — 1835.] 

[After  1886,  the  rotation  and  management  of  this  field  ceased 
to  be  regular  or  uniform,  as  previously ;  and  also,  by  cross  plough- 
ing, &c.,  during  so  many  years,  marl  had  necessarily  become 
slightly  diffused  over  the  space  designed  to  remain  without  marl. 
Therefore  no  more  measurements  were  made,  as  they  could  no 
longer  be  relied  on  for  accurate  comparison.  The  unmarled  part, 
even  with  its  slight  accidental  gain  of  marl  from  the  surrounding 
ground,  and  half  the  piece  having  also  been  dressed  with  putres- 
cent manure  in  1832  (as  stated  above),  is  but  very  little  improved 
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since  1820.  This  and  other  spots,  at  first  omitted  for  comparison, 
■when  no  longer  fit  for  that  purpose,  were  subsequently  marled.— 
1849.] 

Uxperiment  11. 
The  ground  on  which  this  experiment  was  made  was  in  the 
midst  of  nineteen  or  twenty  acres  of  soil  apparently  similar  in  all 
respects — level,  gray  sandy  loam,  cleared  about  thirty  years  before, 
and  reduced  as  low  by  cultivation  as  such  soil  could  well  be.  The 
land  that  was  marled  and  measured  was  about  two  hundred  yards 
distant  from  experiment  2,  and  both  places  are  supposed  to  have 
been  originally  similar  in  all  respects.  This  land  had  not  been  culti- 
vated since  1815,  when  it  was  in  corn — but  had  been  once  ploughed 
since,  November  1817,  which  had  prevented  broom-grass  .  from 
taking  possession.  The  ploughing  then  was  four  inches  deep,  and 
in  five  and  a  half  feet  beds,  as  recommended  in  'Arator.'  The 
growth  in  the  year  1820  presented  little  except  poverty  grass 
(Aristida  gracilis),  running  blackberry  briers,  and  sorrel — and  the 
laild  seemed  very  little  if  at  all  improved  by  its  five  successive 
years  of  rest.  A  small  part  of  this  land  was  covered  with  calca- 
reous sand  (20  per  cent.),  quantity  not  observed  particularly,  but 
probably  about  600  bushels. 


1 
,.A 

2 


B 

Results.    1821.   Ploughed  level,  and  planted  in  com — distance 
5J  by  3J  feet.  '  The  measurement  of  spaces  nearly  adjoining, 
made  in  October,  was  as  follows  : 
23  by  25  corn-hills,  not  marled  (in  A)  made  2^  bushels,  \   ^ 

or  per  acre,    ....  .     81  [■        L 

23  by  25  com-hiUs,  marled  (on  the  side  B)    51     .  22i  )  "'"'"•'• 

1822.  At  rest.  Marled  the  whole,  except  a  marked  square  of 
fifty  yards,  containing  the  space  measured  the  preceding  year. 
Marl  45  per  cent,  and  finely  divided — 350  bushels  to  the  acre — 
from  the  same  bed  as  that  used  for  experiment  4.  In  August, 
ploiighed  the  land,  and  sowed  wheat  early  in  October. 

1823.  Much  injury  sustained  by  the  wheat  from  Hessian  fly, 
and  the  growth  was.  not  only  mean,  but  very  irregular ;  but  it  was 
supposed  that  the  first  marled  place  (on  the  side  B)  was  from  50 
to  100  per  cent,  better  than  the  last  marled,  and  the  last  superior 
to  the  included  square  not  marled  (A),  in  as  great  a  proportion. 

1824.  Again  in  corn.   The  effects  of  disease  from  marling  were> 
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as  injurious  here,  both  on  the  new  and  old  part,  as  those  described 
in  experiment  10.  No  measurement  of  products  made,  owing  to 
my  being  from  home  when  the  corn  was  cut  down  for  sowing  wheat; 

1825.  The  ifijury  from  disease  less  on  the  wheat  than  on  the 
corn  of  the  last  year  on  the  latest  marling,  and  none  perceptible  ' 
on  the  oldest  application.     This  scourging  rotation  of  three  grain 
crops  in  four  years  was  particularly  improper  on  marled  land,  and 
the  more  so  on  account  of  its  poverty. 

1826.  White  clover  had  been  sown  thickly  over  forty-five  acres, 
including  this  part,  on  the  wheat,  in  January,  1825.  In  the  spring 
of  1826,  it  formed  a  beautiful  green  though  low  cover  on  even  the 
poorest  of  the  marled  land.  Marked  spots,  which  were  so  diseased 
by  over-marling  as  not  to  produce  a  grain  of  corn  or  wheat,  pro- 
duced clover  at  least  as  good  as  other  places  not  injured  by  that 
cause.  The  square,  which  had  been  sown  in  the  same  manner,  and 
on  which  the  plants  came  up  well,  had  no  clover  remaining  by 
April,  1826,  except  on  a  few  small  spots,  all  of  which  together 
would  not  have  made  three  feet  square. '  The  piece  not  marled, 
white  with  poverty  grass,  might  be  seen,  and  its  outlines  traced,  at 
some  distance,  by  its  strong  contrast  with  the  surrounding  dark 
weeds  in  winter,  or  the  verdant  turf  of  white  clover  the  spring 
before. 

1827.  StiU  at  rest.   No  grazing  allowed  on  the  white  clover. 

1828.  In  corn — the  land  broken  in  January,  five  inches  deep. 
October  14th,  made  the  following  measurements  : 

In  the  square  not  marled  (A),  105  by  104 J^  feet  (thirty-six  square 
yards  more  than  a  quarter  of  an  acre),  made  one  barrel  of  ears — 

Bushels.     Fecks. 
Or  of  grain  to  the  acre         .         .         .         .         9         If 
The  same  in  1821 8         IJ 


Gain,  1         OJ 


Old  marling  (in  B)— 105  by  104J  feet— 2i  barrels,     22         2 
The  same  in  1821 22         0} 

Gain,  IJ 

New  marling,  105  by  104  J  feet,  on  the  side  that  seemed  to  be  the 
most  diseased  (D),  H  barrels — or  nearly  12  bushels  to  the  acre. 

[1832.  Again  in  corn.  Since  1826,  the  mild  four-shift  rotation 
had  been  regularly  adhered  to.  Ploughed  early  in  winter  five 
inches  deep,  and  again  with  two-horse  ploughs  just  before  planting, 
and  after  manuring  the  land  above  the  dotted  line  D  x.  The  ma- 
nure was  from  the  stable  yard,  the  vegetable  part  of  it  composed 
of  straw,  corn-stalks,  corn-cobs,  and  leaves  raked  from  wood-land 
had  been  heaped  in  a  wet  state  a  short  time  before,  and  was  still 
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tot  from  its  fermentation  when  carrying  to  the  field.  It  was  then 
about  half  rotted.  The  rate  at  which  it  was  applied  was  about 
807  heaped  bushels  to  the  acre,  which  was  too  heavy  for  the  best 
nett  profit.  The  com  on  the  oldest  marling  (B)  showed  scarcely  a 
trace  of  remaining  damage,  while  that  on  D  2  (not  manured)  was 
again  much  injured.  On  the  manured  part,  D  1,  and  C,  the 
symptoms  of  disease  began  also  to  show  early;  but  were  so  soon 
checked  by  the  operation  of  the  putrescent  manure,  that  very  little 
(if  any)  loss  could  have  been  sustained  from  that  cause.  The 
following  table  exhibits  all  the  measured  products  for  comparison; 


s 

s 
? 

DESOBIPTION. 

PKODUCT  IN  GRAIN,  PER  ACRE. 

1st  course 

1821. 
October  — 

2d  course 
1824. 

3d  course 

1828. 

October  14. 

4th  course 

1832. 
October  20. 

A 
Al 

C 

B 

D     1 

Dl 

(  Not  marled,            "J 
-j  Not  marled  &  ma-  y 
[      nured  in  1832,    J 
Marled    in    1822,  and 

manured  in  1832, 
Marled  in  1821  (lightly) 
Marled  in  1822  (more 

heavily) 
The  same — and  manur- 
ed in  1832, 

Bush.     pk. 

8   n 

22      OJ 

None  measur- 
ed,   but    the 
product  of  B 
much  reduced 
by  excess   of 
marl,    and   D 
and  C  equally 
injured    from 
the          same 
cause. 

Bush.     pk. 
9        If 

the  same 

22      2 
12 
the  same 

Bush.     pk. 
9    2J| 

23     3   j 

31     IJ 

25 

17    3   1 
34    3   j 

The  products  of  the  spaces  A  and  B,  in  1828,  were  not  only 
estimated  as  usual  from  the  measurement  of  the  corn  in  ears  (which 
estimated  quantities  are  those  in  the  table),  but  they  were  also 
shelled  on  the  day  when  gathered,  and  the  grain  then  measured, 
and  again  some  months  after,  when  it  had  become  thoroughly  dry. 
Care  was  taken  that  there  should  be  no  waste  of  the  com,  or  other 
cause  of  inaccuracy.  The  result  showed  nearly  double  the  loss 
from  shrinking  in  the  corn  not  marled,  and  of  course  a  proportional 
greater  comparative  increase  of  product  in  that  marled,  besides  the 
increase  which  appears  from  the  early  measurement  exhibited  in 
the  table.  The  grain  of  A,  not  marled,  when  first  shelled,  mea- 
sured a  very  little  more  than  the  quantity  fixed  by  estimate — made 
as  usual  by  measurement  of  the  ears,  and  lost  by  shrinking  30  per 
cent.  The  marled  grain,  from  B,  measured  at  first  above  4  per 
cent,  more  than  the  estimate,  and  after  shrinking,  fell  below  it  so 
much  as  to  show  the  loss  to  be  16  per  cent.  The  loss  from  shrink- 
ing in  this  case  was  greater  than  usual  in  both,  from  the  poverty 
and  consequent  backwardness  of  the  part  not  marled,  and  the  un- 
commonly large  proportion  of  replanted  and  of  course  late  corn  on 
the  whole. 
12* 
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The  two  last  experiments,  as  well, as  the  4th,  were  especially  de- 
signed to  test  the  amount  of  increased 'product  to  be  obtained  from 
marling,  and  to  show  the  regular  addition  to  the  first  increase, 
which  the  theory  promised  at  each  renewal  of  tillage:  As  to  the 
main  objects,  all  the  three  experiments  haye  proved  failures — and 
from  the  same  error,  that  of  marling  too  heavily.  Although,  for 
this  reason,  the  results  have  shown  so  ;much  of  the  injurious 
eflFects,  still,  taken  altogether,  the  experiments  prove,  clearly,  not 
only  the  great  imiQediate  benefit  of  applying  marl,  but  also  its  con- 
tinued and  increasing  good  effects  when-applied  in  proper  quantities. 
—1835.] 

Experiment  12. 

On  9  acres  of  sandy  loam,  marled  inj!l819  at  400  bushels  (25 
per  cent.),  nearly  an  acre  was  manured  during  the  same  summer, 
by  penning  cattle.  With  the  expectation  of  preserving  the  ma- 
nure, double  the  quantity  of  marl,  or  800  bushels  in  all,  was  laid 
on  that  part.  The  field  in  corn  in  1820 ;  in  wheat,  1821 ;  and  at 
rest  1822  and  1823.  '  \. 

Results,  1824.  In  corn,  the  second  ro^tion  after  marling.  The 
effects  of  the  dxmg  have  not  much  diminished,  and  that  part  shows 
no  damage  from  the  quantity  of  marl,,  though  the  surrounding 
com,  marled  only  half  as  thickly,  gave  signs  of  general,  though 
very  slight  injury  from  that  cause. 

Uxperiment  13. 

Nearly  two  acres  of  loamy  sand  were  covered  with  barn-yard 
manure,  and  marl  (45  per  cent.),  at  the  same  time,  in  the  spring 
of  1822,  and  the  field  put  in  corn  the  same  year,  followed  by  wheat. 
The  quantity  of  marl  not  remembered — but  it  must  have  been 
heavy  (say  not  less  than  six  hundred  bushels. to  the  acre),  as  it  was 
put  on  to  fix  and  retain  the  manure,  and  J  had  then  no  fear  of 
damage  from  heavy  dressings. 

Result,  1825.  Again  in  corn ;  and  except  on  a  small  spot  of 
sand  almost  pure  (nearly  a  "  blowing  sand,"  or  liable  to  be  drifted 
by  high  winds  in  dry  weather),  no  signs  of  disease  from  over- 
marling  were  seen,  then  or  afterwards. 


CHAPTER  XIV. 

EPPECTS  OP  CALCAKEOUS  MANURES  ON  "  FREE  LIGHT  JiAND." 

Proposition  5 — continued. 

The  soil  known  in  this  part  of  the  coubtry  by  the  name  of  "free 
light  land"  has  so  peculiar  a  character  that  it  deserves  ^  particular 
notice.  It  belongs  to  the  slopes  and  undulating  lands,  between  the 
highest  ridges  and  the  water-courses,  but  has  nothing  of  the  dura- 
bility which  slopes  of  medium  fertility  sometimes  possess.  In  its 
wood-land  state  it  would  be  called  rich,  and  may  remain  productive 
for  a  few  crops  after  being  cleared ;  but  it  is  rapidly  exhausted, 
and,  when  poor,  iseems  as  unimprovable  by  vegetable  manures  as 
the  poorest  ridge  lands.  In  its  virgin  state,  this  soil  might  be  sup- 
posed to  deserve  the  name  of  neutral  j  but  its  productive  power  is 
so  fleeting,  and  acid  growths  and  qualities  so  surely  follow  its  ex- 
haustion, that  it  must  be  inferred  that  it  is  truly  an  acid  soil. 

Experiment  14. 
The  subject  of  this  experiment  presents  soil  of  this  kind  with 
its  peculiar  characters  unusually  well  marked.  It  is  a  loamy  sandy 
soil  (the  sand  coarse),  on  a  similar  sub-soil  of  considerable  depth. 
The  surface  waving,  almost  hiUy  in  some  parts.  The  original 
growth  principally  red-oak,  hickory,  and  dogwood,  not  many  pines, 
and  very  little  whortlebei'ry.  Cut  down  in  1816,  and  put  in  corn 
the  next  year.  The  crop  was  supposed  to  be  twenty-five  bushels  to 
the  acre.  Wheat  succeeded,  and  was  still  a  better  crftp  for  so 
sandy  a  soil  j  making  twelve  to  fifteen  bushels,  as  it  appeared 
standing.  After  18  months  of  rest,  and  not  grazed,  the  ne,xt  corn 
crop,  of  1820,  was  evidently  and  considerably  inferior  to  the  first; 
and  the  wheat  of  1821  (which  however  was  a  very  bad  crop,  from 
too  wet  a  season)  could  not  have  been  more  than  five  bushels  to 
the  acre.  In  January,-i820,  a  piece  of  1 J  acres  was  limed,  at  100 
bushels  the  acre.  The  lime,  being  caught  by  rain  before  it  was 
spread,  formed  small  lumps  of  mortar  on  the  land,  and  produced 
no  benefit  on  the  com  of  that  year,  but  could  be  seen  slightly  in 
the  wheat  of  1821.  The  land  again  at  rest  in  1822  and  '23,  when 
it  was  marled,  at  600  bushels  (37  per  cent.),  without  omitting  the 
limed  piece ;  and  all  sowed  in  wheat  that  fall.  .  In  1824,  the  wheat 
was  found  to  be  improved  by  the  marl,  but  neither  that,  nor  the 
next  crop  of  1828,  was  equal  to  its  earliest  product  of  wheat.  The 
limed  part  showed  injury  in  1824,  from  the  quantity  of  manure, 
but  none  since.     The  field  was  now  under  the  regular  four-shift 
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rotation,  and  continued  to  recover ;  but  did  not  surpass  its  first 
crop  until  1831,  when  it  brought  rather  more  than  thirty  bushels 
of  corn  to  the  acre  (estimated   by  the  eye)— being  five,  or  six 
bushels  more  than  its  supposed  first  crop. 
Experiment  15. 

Adjoining  this  piece,  six  acres  of  similar  soil  were  grubbed  and 
the  trees  belted  in  August,  1826— marl  at  600  to  700_  bushels  (37 
per  cent.),  spread  just  before.  But  few  of  the  trees  died  until  the 
summer  of  1827.  In  1828,  planted  in  corn ;  the  crop  did  not  ap- 
pear heavier  than  would  have  been  expected  if  no  marl  had  been 
applied;  but  no  part  had  been  left  without,  for  comparison.  1829, 
wheat.  1830,  at  rest.  1831,  in  corn,  and  the  product  supposed  to 
be  near  or  quite  thirty-five  bushels,  or  an  increase  of  thirty-five  or 
forty  per  cent,  on  the  first  crop.  No  measurement  was  made ;  but 
the  product  was  estimated  by  comparison  with  an  adjacent  piece, 
which  measured  thirty-one  bushels,  and  which  seemed  to  be  inferior 
to  this  piece. 

The  operation  of  marl  on  this  kind  of  soil  seems  to  add  to  the 
previous  product  very  slowly,  compared  with  other  soils ;  but  it  is 
not  the  less  eflfectual  and  profitable  in  fixing  and  retaining  the  vege- 
table matter  accumulated  by  nature,  which  otherwise  would  be 
quickly  dissipated  by  cultivation,  and  lost  .for  ever. 

The  remarkable  sandy  and  open  texture  of  the  soil  on  which  the  last 
two  experiments  were  tried,  will  be  evident  from  the  following  state- 
ment of  the  quantity  and  coarseness  of  the  silicious  sand  contained. 

1000  grains  of  this  soil,  taken  in  1826  from  the  part  that  had  been 
both  limed  and  marled,  was  found  to  consist  of 
811  of  silicious  sand  moderately  coarse,  mixed  with  a  few  grains 

of  coarse  shelly  matter  (the  remains  of  the  marl). 
158  finely  divided  earthy  matter,  part  fine  sand,  as  well  as  clay 
and  organic  matter. 
31  loss. 


1000 

At  the  same  time,  from  the  edge  of  the  adjoining  wood-land 
which  formed  the  next  described  experiment,  15,  and  which  had 
not  then  been  marled,  a  specimen  of  soil  was  taken  from  between 
the  depths  of  one  and  three  inches — and  found  to  consist  of  the 
following  proportions.  This  spot  was  believed  to  be  rather  lighter 
than  the  other  "in  its  natural  state. 
865  grains  of  silicious  sand,  principally  coarse, 
107  finely  divided  earthy  matter  (partly  fine  sand),  &c. 

28  loss. 

1000 


CHAPTEK  XV. 

EFFECTS   OF  CAICAREOUS   MANURES   ON   EXHAUSTED  ACID   SOILS, 
UNDER  THEIR   SECOND   GROWTH   OF   TREES. 

Proposition  5 — continued. 

Not  having  owned  much  land  under  a  second  growth  of  pines,  I 
can  only  refer  to  two  experiments  of  this  kind.  The  improvement 
in  both  these  cases  has  been  so  remafkable,  as  to  induce  the  belief 
that  the  "  old  fields"  to  be  found  on  every  farm,  which  have  been 
exhausted  and  turned  out  of  cultivation  thirty  or  forty  years,  ofier 
the  most  profitable  subjects  for  the  application  of  calcareous  manures. 

Experiment  16. 
May  1826.  Marled  about  eight  acres  of  land  under  its  second 
gfowth,  by  opening  paths  for  the  carts  ten  yards  apart.  Marl  40 
per  cent. ;  put  500  to  600  bushels  to  the  acre — and  spread  in  the 
course  of  the  summer.  In  August,  belted  slightly  all  the  piiles 
that  were  as  much  as  eight  inches  through,  and  cut  down  or  grub- 
bed the  smaller  growth,  of  which  there  was  very  little.  The  pines 
(which  were  the  only  trees)  stood  thick,  and  were  mostly  from 
eight  to  twelve  inches  in  diameter — eighteen  inches  where  standing 
thin.  The  land  joined  experiment  15  on  one  side ;  but  this  is 
level,  and  on  the  other  side  joins  ridge  wood-land,  which  soon  be- 
comes like  soil  of  experiment  1.  This  piece,  in  its  virgin  state, 
was  probably  of  a  nature  between  those  two  soils;  but  less  like 
the  ridge  soil  than  the  "  free  light  land."  No  information  has  been 
obtained  as  to  the  state  of  this  land  when  its  cultivation  was 
formerly  abandoned.  The  soil  (that  is,  the  depth  which  has  since 
been  turned  by  the  plough)  a  whitish  loamy  sand,  on  a  sub-soil  of 
the  same ;  in  fact,  all  was  subsoil  before  the  ploughing,  except 
half  an  inch  or  three  quarters,  on  the  top,  which  was  principally 
composed  of  rotted  pine  leaves.  Above  this  thin  layer  were  the 
later  dropped  and  unrotted  leaves,  lying  loosely  several  inches  thick. 
The  pines  showed  no  symptoms  of  being  killed,  until  the  autumn 
of  1827,  when  their  leaves  began  to  have  a  tinge  of  yellow.  To 
suit  the  cultivation  with  the  surrounding  land,  this  piece  was  laid 
down  in  wheat  for  its  first  crop,  in  October,  1827.  For  this  pur- 
pose, the  few  logs,  the  boughs,  and  grubbed  bushes  were  heaped, 
but  not  burnt;  the  seed  then  sowed  on  the  coat  of  pine  leaves,  and 
ploughed  in  by,  two-horse  ploughs,  in  as  slovenly  a  manner  as  may 
b4  supposed  from  the  condition  of  the  land ;  and  a  wooden-tooth 
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harrow  then  passed  over,  to  pull  down  the  heaps  of  leaves,  and 
roughest  furrows. 

Besults.  The  wheat  was  thin,  but  otherwise  looked  well  while 
young.  The  surface  was  very  soon  again  covered  by  the  leaves 
dropping  from  the  then  dying  trees.  On  April  2d,  1828,  most  of 
the  trees  were  nearly  dead,  though  but  few  of  them  entirely.  The 
wheat  was  then  taller'  than  any  in  my  crop,  and,  when  ripe,  was  a 
surprising  growth  for  such  land,  and  such  imperfect  tillage. 

1829  and  1830.  At  rest.  Late  in  the  spring  of  1830  an  acci- 
dental fire  passed  over  the  land;  but  the  then  growing  vegetation 
prevented  all  of  the  older  cover  being  burnt,  though  some  was 
destroyed  everywhere. 

1831.  In  corn.  The  growth  excited  the  admiration  of  all  who 
saw  it,  and  no  one  estimated  the  product  so  low  as  it  actually 
proved  to  be.  A  square  of  four  (two-pole)  chains,  or  four-tenths 
of  an  acre,  measured  on  November  25th,  yielded  at  the  rate  of 
thirty-one  and  three-eighths  bushels  of  grain  to  the  acre. 

Experiment  17. 
In  a  field  of  acid  sandy  loam,  long  under  the  usual  cultivation, 
a  piece  of  five  or  six  acres  was  covered  by  a  second  growth  of  pines 
thirty-nine  years  old,  as  supposed  from  that  number  of  rings  being 
counted  on  some  of  the  stumps.  The  largest  trees  werff  eighteen 
or  twenty  inches  through.  This  ground  was  altogether  on  the 
side  of  a  slope,  steep  enough  to  lose  soil  by  washing,  and  inore 
than  one  old  shallow  gully  remained  to  confirm  the  belief  of  the 
injury  that  had  been  formerly  sustained  from  that  cause.  These 
circumstances,  added  to  all  the  surrounding  land  having  been  con- 
tinued under  cultivation,  made  it  evident  that  this  piece  had  been 
turned  out  of  cultivation  because  greatly  injured  by  tillage.  It 
was  again  cut  down  in  the  winter  of  1824-5.  Many  of  the  trees 
furnished  fence-rails  and  fuel,  and  the  remaining  bodies  were 
heaped  and  burnt  some  months  after,  as  well  as  the  large  brush. 
In  August  it  was  marled,  supposed  at  600  bushels.(37  per  cent.), 
twice  coultered  in  August  and  September,  and  sowed  in  wheat-— 
the  seed  covered  by  trowel  ploughs.  The  leaves  and  much  of  the 
smaller  brush,  left  on  the  ground,  made  the  ploughing  troublesome 
and  imperfect.  The  crop  (1826)  was  remarkably  good ;  and  stiU 
better  were  the  crops  of  com  and  wheat  in  the  ensuing  rotation, 
after  two  years  of  rest.  On  the  last  crop  of  wheat  (1830)  clover 
was  sown — and  mowed  for  hay  in  1831.  The  growth  stood  about 
eighteen  inches  high,  and  never  have  I  seen  so  heavy  a  crop  on 
sandy  and  acid  soil,  even  from  the  heaviest  dunging,  the  utmost 
care,  and  the  most  favourable  season.  The  clover  grew  well  in  the 
bottoms  of  the  old  gullies,  which  were  still  plainly  to  be  seen,  and 
which  no  means  had  been  used  to  improve,  except  such  as  all  the 
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land  had  received.     Within- itwo  feet  of  the  surface  the  sub-soil  of 
this  land  is  of  red  clay,  which  j)robably  helped  its  growth  of  clover. 


CHAPTER  XVI. 

EFFECTS  OF  CALCAREOUS  MANURES  ALONE,  OR  WITH  GYPSUM^  ON 
OALCAREpTJS  AND  NEUTRAL  SOILS. 

Proposition  5 — continued. 

Reason  had  taught  that  applications  of  calcareous  earth  alone 
to  calcareous  soils  were  so  manifestly  useless,  that  no  more  than  two 
experiments  of  that  kind  have  been  made  by  me,  of  which,  as  ex- 
pected, neither  had  any  improving  effect  that  could  be  noticed,  in 
the  twelve  ensuing  years  during  which  the  experiments  were  ob- 
served. 

When  calcareous  manures'  have  been  applied  to  neutral  soils, 
whether  new  or  worn,  no  perceptible  and  manifest  benefit  has  been 
obtained  on  the  first  crop. '«The' subsequent  improvement  has  gra- 
dually increased,  as  wouldijbB  expected  froni  the  power  of  fixing 
manures  ascribed  to  calcsiteous  earth.  But  however  satisfactory 
these  general  results  were-to  myself,  they  are  not  such  as  could  be 
reported  in  detail,  with  any  advantage  to  other  persons.  It  is 
sufficiently  difficult  to  make  fair  and  accurate  experiments  where 
early  and  remarkable  results  are  expected.  But  no  cultivator  of  a 
farm  can  bestow  enough  care,  and  patient  observation,  to  obtain 
true  results  from  experinients  that  scarcely  will  show  their  first 
feeble  effects  in  several  years  after  the  commencement.  On  a  mere 
experimental  farm,  such  things  may  be  possible ;  but  not  where  the 
main  object  of  the  farmer  4S'  to  reap  profit  from  his  general  and 
varied  operations.  The  effects  of  changes  of  season,  of  crops,  of 
the  mode  of  tillage — the  auxiliary  effects  of  other  manures,  and 
many  other  circumstances — would  serve  to  defeat  any  observations 
of  the  progress  of  a  slow  improvement,  though  the  ultimate  result 
of  the  general  practice  might  be  abundantly  evident. 

Another  cause  for  being  unable  to  state  with  any  precision  the 
practical  benefit  of  marling  'neutral  soils,  arises  from  the  circum- 
stance that  nearly  all  the  calcareous  manure  thus  applied  by  me 
has  been  accompanied  by  a  natural  admixture  of  gypsum;  and 
though  I  feel  confident  in  ascribing  some  effects  to  one,  and  some 
to  the  other  of  these  two  kinds  of  manure,  yet  this  division  of 
oper.ifion  must  rest  merely  on  opinion,  and  cannot  be  received  as 
certain  by  any  other'than  him  who  makes  and  carefully  observes 
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the  experiments.  Some  of  these  applications  will  be  described, 
that  other  persons  may  draw  their  own  conclusions  from  them. 

The  cause  of  these  manures  being  applied  in  conjunction  was 
this.  A  singular  bed  of  marl  lying  under  Coggins  Point,  and  the 
only  one  within  a  convenient  distance  to  most  of  the  neutral  soil 
of  that  farm,  contains  a  very  small  proportion  (perhaps  about  one 
per  cent.)  of  gypsum,  scattered  irregularly  through  the  mass, 
seldom  visible,  though  sometimes  and  very  rarely  to'  be  met  with 
in  small  crystals.  The  calcareous  ingredient,  on  a  general  average 
carefully  made,  was  found  to  be  62  per  cent.  If  this  manure  had 
been  used  before  its  gypseous  quality  was  discovered,  all  its  effects 
would  have  been  ascribed  to  calcareous  earth  alone,  and  the  most 
erroneous  opinions  might  thence  have  been  formed  of  its  mode  of 
operation. 

What  led  me  to  suspect  the  presence  of  gypsum,  in  this  bed  of 
fossil  shells,  was  the  circumstance  that  throughout  its  whole  extent, 
of  near  a  mile  along  the  river  bank,  this  bed  lies  on  another  earth, 
of  peculiar  character  and  appearance,  and  which,  in  many  places, 
exhibits  gypsum  in  crystals  of  various  sizes.  This  earth  has  evi- 
dently once  been  a  bed  of  fossil  shells,  like  that  which  still  remains 
above ;  but  nothing  now  is  left  of  the  shells,  except  numerous  im- 
pressions of  their  forms.  Not  the  smallest  proportion  of  calcare- 
ous earth  can  be  found,  and  the  gypsum  into  which  it  must  have 
been  changed  (by  meeting  with  sulphuric  acid,  or  sulphuret  of 
iron)  has  also  disappeared  in  most  places ;  and  in  others,  it  remains 
only  in  small  quantities — say  from  the  smallest  perceptible  propor- 
tion, to  fifteen  or  twenty  per  cent,  of  the  mixed  mass.  In  some 
rare  cases,  this  gypseous  earth  is  sufficiently  abundant  to  be  used 
profitably  as  manure,  as  has  been  done,  by  Mr.  Thomas  Cocke,  of 
Tarbay,  as  well  as  myself  It  is  found  in  the  greatest  quantity, 
and  also  the  richest  in  gypsum,  at  Evergreen,  two  miles  below  City 
Point.  There  the  gypsum  frequently  forms  large  crystals  of  varied 
and  beautiful  forms.  The  distance  that  this  bed  of  gypseous  earth 
extends  is  about  seven  mUcs,  interrupted  only  by  some  bodies  of 
lower  land,  apparently  of  a  more  recent  formation  by  alluvion. 

In  the  bed  of  gypseous  marl  above  described,  there  are  regular 
layers  of  a  calcareous  rock,  which  was  too  hard  to  use  profitably  for 
manure,  and  which  caused  the  greatest  impediment  to  obtaining 
the  softer  part.  This  rock  contains  between  eighty -five  and  ninety 
per  cent,  of  pure  calcareous  earth,  besides  a  little  gypsum  and 
iron.  It  makes  excellent  lime  for  cement,  mixed  with  twice  its 
bulk  of  sand,  and  has  been  used  for  part  of  the  brick-work,  and  all 
the  plastering  of  my  present  dwelling-house  (at  Shellbanks),  and 
for  several  of  my  neighbours'  houses.  The  whole  body  of  marl 
also  contains  a  minute  proportion  of  some  soluble  salts,  which  pos- 
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gibly  may  have  some  influence  on  the  operation  of  the  substance, 
as  manure  or  cement. 

Thus,  from  the  examination  of  a  single  body  of  marl,  there  have 
been  obtained  not  only  a  rich  calcareous  manure,  but  also  gypsum, 
and  a  valuable  cement.  Similar  formations  may  perhaps  be 
abundant  elsewhere,  and  their  value  unsuspected,  and  likely  to  re- 
main useless.  This  particular  body  of  marl  has  no  outward  ap- 
pearance of  possessing  even  its  calcareous  character.  It  would  be 
considered,  on  slight  inspection,  as  a  mass  of  gritty  clay,  of  no 
worth  whatever. 

[The  last  preceding  paragraphs  present,  as  in  the  previous  edi- 
tions, my  earliest  views  of  this  particular  bed  of  marl.  Further 
information  has  taught  that  it  is  of  the  eocene,  or  more  ancient 
formation;  and  that  the  underlying  stratum  (which  is  usually  not 
at  aU  calcareous),  which  I  formerly  named  and  treated  of  as  "  gyp- 
seous earth,"  is  what  geologists  call  "  green-sand,"  a  term  still  less 
descriptive,  and  not  at  all  more  accurate.  A  full  account  of  both 
of  these  bodies  will  be  given  in  the  Appendix. — 1842.] 

This  gypseous  marl  has  been  used  only  oji  sixty  acres,  most  of 
which  was  neutral  soil,  and  generally,  if  not  universally,  with 
«arly  as  well  as  permanent  benefits.  The  following  experiments 
show  results  more  striking  than  have  been  usually  obtained ;  but 
all  agree  in  their  general  character. 

Experiment  18. 

1819.  Across  the  shelly  island  numbered  3  in  the  examinations* 
of  soils  (page  60),  but  where  the  land  was  less  calcareous,  a  strip  ■ 
of  three-quarters  of  an  acre  was  covered  with  mussel-shell  marl,  a 
deposit  on  parts  of  the  river  banks  supposed  to  have  been  made  by 
the  aboriginal  inhabitants.  Adjoining  this,  through  its  whole 
length,  another  strip  was  covered  with  gypseous  marl,  53  per  cent., 
at  the  rate  of  250  bushels. 

Results.  1819.  In  corn.  No  perceptible  efiect  from  the  mussel- 
shells.  The  gypseous  marling  considerably  better  than  on  either 
side  of  it. 

1820.  Wheat — ^less  difference. 

1821.  Grazed.  Natural  growth  of  white  clover  thickly  set  on 
the  gypseous  marling,  much  thinner  on  the  mussel-shells,  and  still 
less  of  it  where  no  marl  had  been  applied. 

The  whole  field  afterwards  was  put  in  wheat  on  ^summer  fallow 
every  second  year,  and  grazed  closely  the  intervening  year :  a 
course  very  unfavourable  for  observing,  or  permitting  to  take  place, 
any  effects  of  gypsum.  Nothing  more  was  uoted  of  this  experi- 
ment until  1825,  when  cattle  were  not  turned  in  until  the  clover 
reached  its  full  size.  The  strip  covered  with  gypseous  marl 
showed  a  remarkable  superiority  over  the  other  marled  piece,  as 
13 
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well  as  over  the  land  which  was  still  more  calcareous  by  nature, 
and  which  had  produced-  better  in  1820.  In  several  places,  the 
white  clover  stood  thickly  a  foot  in  height. 

Ea^eriment  19. 

A  strip  of  a  quarter  acre  passing  through  rich  black  neutral 
loam,  covered  with  gypseous  marl  at  250  bushels. 

Results.  1818.  In  corn.  By  July,  the  marled  part  seemed  the 
best  by  50  per  cent.,  but  afterwards  the  other  land  gained  on  it, 
and  little  or  no  difference  was  apparent  when  the  crop  was  matured. 

1819.  Wheat — no  difference  seen. 

1820  and  1821.  At  rest.  In  the  last  summer  the  marled  strip 
could  again  be  easily  traced,  by  the  entire  absence  of  sorrel  (which 
had  been  gradually  increasing  on  this  land  since  it  had  been 
secured  from  grazing),  and  still  more  by  its  very  luxuriant  growth 
of  bird-foot  clover,  which  was  thrice  as  good  as  that  on  the  adjoin- 
ing ground. 

Experiment  20. 

1822.  On  a  body  of  neutral  soil  which  had  been  reduced  quite 
low,  but  was  well  manured  in  1819  when  last  cultivated,  gypseous 
marl  was  spread  on  nine  acres,  at  the  rate  of  300  bushels.  This 
terminated  on  one  side  at  a  strip  of  mussel-shell  marl  ten  yards 
wide — its  rate  not  remembered,  but  it  was  certainly  thicker,  in  pro- 
portion to  the  calcareous  earth  contained,  than  the  other,  which  I 
always  avoided  laying  on  heavily,  from  a  mistaken  fear  of  causing 
injury  by  too  much  gypsum.  The  line  of  division  between  the 
two  marls  was  through  a  clay  loam.  The  sub-soil  was  a  retentive 
clay,  which  caused  the  rain  water  to  keep  the  land  very  wet  through 
the  winter,  and  early  part  of  spring. 

Results.  1822.  In  corn,  followed  by  wheat  in  1823 — not  particu- 
larly noticed,  but  the  benefits  must  have  been  very  inconsiderable. 
All  the  mussel-shell  marling,  and  four  acres  of  the  gypseous, 
sowed  in  red  clover,  which  stood  well,  but  was  severely  checked, 
and  much  of  it  killed,  by  a  drought  in  June,  when  the  sheltering 
wheat  was  reaped.  During  the  next  winter  (by  neglect)  my 
-horses  Ivad  frequent  access  to  this  piece,  and  by  their  trampling  in 
its  wet  state  must  have  injured  both  land  and  clover.  From  these 
disasters  th«  clover  recovered  surprisingly ;  and  in  1824,  two  mow- 
ings were  obtained,  which,  though  not  very  heavy,  were  better  than 
ifrom  any  of  my  previous  attempts  to  raise  this  grass.  In  1825, 
the  growth  was  still  better,  and  yielded  more  to  the  scythe.  This 
was  the  first  time  that  I  had  seen  clover  worth  mowing  on  the 
third  year  after  sowing ;  and  had  never  heard  of  its  being  com- 
parable to  the  second  year's  growth  anywhere  in  the  lower  country. 
The  growth  on  the  mussel-sheU  marling  was  very  inferior  to  the 
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other,  and  was  not  mowed  at  all  the  last  year,  being  thin  and  low, 
and  almost  eaten  out  by  wire-grass  (Cynodon  dactylon). 

1826.  In  corn — and  it  was  remarkable  that  the  difference  shown 
the  last  year  was  reversed,  the  mussel-shell  marling  now  having 
much  the  best  crop. 

In  these  and  other  applications  to  neutral  soils,  I  ascribe  the 
earliest  effects  entirely  to  gypsum,  as  well  as  the  peculiar  benefit 
shown  to  clover,  throughout.  The  later  effects,  and  especially  on 
grain,  are  due  to  the  calcareous  earth  in  the  manure. 


CHAPTER  XVII. 

DIGRESSION  TO  THE  THEORY  OP  THE  ACTION  OP  GYPSUM  AS  MA- 
NURE. SUPPOSED  CAUSE  OF  ITS  WANT  OP  POWER  AND  VALUE 
ON  ACID  SOILS. 

Proposition  5 — continued. 

Another  opinion  was  formed  from  the  effects  of  gypseous  marl, 
as  stated  in  the  foregoing  chapter,  which  may  lead  to  profits  much 
more  important  than  any  to  be  derived  from  the  limited  use  of  this, 
or  any  similar  mineral  compound — viz.  :  that  gypsum  may  he  pro- 
fitably used  after  calcareous  manures,  on  soils  on  which  it  was 
totally  inefficient  he/ore.  I  do  not  present  this  as  a  fact  fully  esta- 
blished, or,  even  if  established,  of  universal  application ;  for  the 
results  of  some  of  my  own  experiments  are  directly  in  opposition. 
But,  however  it  may  be  opposed  by  some  factS;  the  greater  weight 
of  evidence,  furnished  by  my  experiments  and  observations,  de- 
cidedly supports  this'  opinion.  If  correct,  its  importance  to  our 
low  country  is  inferior  only  to  the  value  of  calcareous  manures 
alone — ^which  value  may  be  almost  doubled,  if  the  land  is  thereby 
fitted  to  receive  the  wonderful  benefits  of  gypsum  on  clover. 

It  is  well  known  that  gypsum  has  failed  entirely  as  a  manure  on 
nearly  all  the  land  on  which  i4  has  been  tried  in  our  tide-water 
district;  and  we  may  learn  from  various  publications,  that  as  little 
general  success  has  been  met  with  along  the  Atlantic  coast,  as  far 
nortTi  as  Long  Island.  To  account  for  this  general  failure  of  a 
manure  so  efficacious  elsfewhere,  some  one  offered  a  reason,  which 
was  received  without  examination,  and  which  is  still  considered  by 
many  as  sufficient,  viz. :  that  the  influence  of  salt  vapours  destroyed 
the  power  of  gypsam  on  and  near  the  sea-coast.  But  the  same 
general  worthless&ess  of  that  manure  extends  one  hundred  miles 
higher  than  the  salt  water  of  the  rivers,  and  the  lands  where  it  is 
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profitably  used  are  much  more  exposed  to  sea  air.  Such  are  the 
rich  neutral  soils  of  Curie's  Neck,  Shirley,  Berk%,  "Westover, 
Brandon,  and  Sandy  Point,  on  James  river,  on  all  which  gypsum 
on  clover  has  been  extensively  and  profitably  used,  in  advance  of 
marling  or  liming.  On  acid  soils,  I  have  never  heard  of  enough 
benefit  being  obtained  from  gypsum  to  induce  the  cultivator  to  ex- 
tend its  use  further  than  making  a  few  small  experiments.  When 
any  effect  has  been  produced  on  an  acid  soil  (so  far  as  known  from 
my  own  experience,  or  the  information  of  others),  it  has  been 
caused  by  applying  to  small  spaces  comparatively  large  quantities ; 
and  even  then,  the  effects  were  neither  considerable,  durable,  nor 
profitable.  Such  have  been  the  results  of  many  small  experiments 
made  on  my  own  acid  soils — and  very  rarely  was  the  least  percepti- 
ble effect  produced.  Yet  on  some  of  the  same  soils,  after  marling, 
the  most  evident  benefits  have  been  obtained  from  gypsum  on 
clover.  The  soils  on  which  the  1st  and  10th  experiments  were 
made  (at  some  distance  from  these  experiments)  had  both  been 
tried  with  gypsum,  and  at  different  rates  of  thickness,  before  marl- 
ing, without  the  least  effect.  Several  years  after  both  had  been 
marled,  gypseous  earth  (from  the  bed  referred  to,  page  144)  was 
spread  at  twenty  bushels  the  acre  (which  gave  four  bushels  of  pure 
gypsum*)  on  clover,  and  produced  in  some  parts  a  growth  1  have 
never  seen  surpassed.  It  is  proper  to  state  that  such  results  have 
been  produced  only  by  heavy  dressings.  Mr.  Thomas  Cocke,  of 
Tarbay,  in  the  spring  of  1831  sowed  nearly  four  tons  of  Nova 
Scotia  gypsum  on  clover  on  marled  land,  the  field  being  a  continua- 
tion of  the  same  ri'dge  that  my  1st,  2d,  3d,  and  4th  experiments 
were  made  on,  and  very  similar  soil.  His  dressing,  at  a  bushe'l  to 
the  acre,  before  the  summer  had  passed,  produced  evident  benefit, 
where  it  is  absolutely  certain,  from  abundant  previous  experience, 
that  none  could  have  been  obtained  before  marling.  - 

On  soils  naturally  calcareous,  I  have  in  some  experiments  greatly 
promoted  the  growth  of  Qorn  by  gypsum,  and  have  doubled  the 
growth  of  clover  on  my  best  land  of  that  kind.  When  the  marl 
containing  gypsum  was  applied,  benefit  from  that  ingredient  was 
almost  certain  to  be  obtained. 

All  these  facts,  if  presented  alone,  would  seem  to  prove  clearly 
the  correctness  of  the  opinion,  that  \he  acidity  of  most  of  our  soils 
caused  the  meffioacy  of  gypsum,  and  that  the  appHcation  of  calca- 
reous earth,  which  will  remove  the  acid,  will  also  serve  to  brine 
gypsum  into  useful  operation.  But  this  most  desirable  conclusion 
IS  opposed  by  the  results  of  other  experiments,  which,  though 
fewer  m  number,  are  as  strong  as  any  of  the  facts  which  favour  that 


*  There  was  yery  little  of  the  gypseous  earth  so  rich  as  this  Umited 
layer — -wmcn  was  soon,all  removed  for  use. 
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conclusion.  _  If  the  subject  were  properly  investigated,  these  facts, 
apparently  in  opposition,  might  be  explained  so  as  no  longer  to 
contradict  this  opinion,  or  perhaps  might  help  to  confirm  it.  Good 
reasons,  deduced  from  established  chemical  truths,  may  be  offered 
to  explain  why  the  acidity  of  our  soils  should  prevent  the  operation 
of  gypsum  J  though  it  may  be  deemed  premature  to  attempt  the 
explanation  of  any  supposed  fact,  before  every  doubt  of  the 
existence  of  the  fact  itself  has  been  first  removed. 

One  of  the  circumstances  will  be  mentioned,  which' appears  at 
first  glance  most  strongly  opposed  to  the  opinion  which  has  been 
advanced.  On  the  poor  acid  clay  soil,  of  such  peculiar  and  base 
qualities,  which  forms  the  subject  of  the  5th,  6th,  and  7th  experi- 
ments, gypsum  has  been  sufficiently  tried,  and  has  not  produced 
the  least  benefit,  either  before  marling,  or  afterwards.  Yet  the 
first  growth  of  clover  on  this  land  after  marling  is  fully  equal  to 
what  might  be  expected  from  the  best  operation  of  gypsum.  Now 
if  it  could  be  ascertained  that  a  very  small  proportion  of  either 
sulphuric  acid,  or  of  the  sulphate  of  iron,  exists  in  this  soil,  it 
would  completely  explain  away  this  opposing  fact,  and  even  make 
it  the  strongest  support  of  my  position.  The  sulphate  of  iron  has 
sometimes  been  found  in  arable  soil,*  and  sulphuric  acid  has  been 
detected  in  certain  clays.f  I  have  seen,  on  the  same  farm,  a  bed 
of  clay  of  very  similar  appearance  to  this  soil,  which  certainly  had 
once  contained  one  of  these  substances,  as  was  proved  by  the  form- 
ation of  crystallized  sulphate  of  lipae,  where  the  clay  came  in  con- 
tact with  a  bed  of  marl.  The  sulphate  of  lime  was  found  in  the 
small  fissures  of  the  clay,  extending  sometimes  one  or  two  feet  in 
perpendicular  height  from  the  calcareous  earth  below.  Precisely 
the  same  chemical  change  would  take  place  in  a  soil  containing 
sulphuric  acid,  or  sulphate  of  iron,  as  soon  as  marl  is  applied.  The 
sulphuric  acid  (whether  free  or  combined  with  iron)  would  imme- 
diately unite  with  the  lime  presented,  and  form  gypsum  (sulphate 
of  lime).  Proportions  of  these  substances,  too  small  perhaps  to  be 
detected  by  analysis,  would  be  sufficient  to  form  three  or  four 
bushels  of  gypsum  to  the  acre — ^more  than  enough  to  produce  the 
greatest  known  effect  on  clover — and  to  prevent  any  benefit  being 
derived  from  a  subsequent  application  of  gypsum;  because  there 
being  already  in  the  soil  more  gypsum  than  could  act,  no  additional, 
quantity  could  be  of  the  slightest  benefit.^ 

*  Davy's  Agr.  Chem.  p.  141.  -j-  Kirwau  on  Manures. 

[{  Confirmatory  testimony. — Johnston  has  since  fully  sustained  this  rea- 
soning, by  chemical  facts.  Besides  the  sulphate  of  iron,  he  names  the  sul- 
phates of  alumina  and  magnesia  as  occasionally  present  in  soils,  and  liable 
to  be  hurtful  to  plants.  He  adds :  "  When  soils  which  contain  any  of  the- 
three  salts  I  have  named,  have  once  been  limed  or  marled,  it  is  in  vain  to 

13* 
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[Since  the  publication  of  the  foregoing  part  of  this  chapter,  in 
the  edition  of  1832,  my  use  of  gypsum,  on  land  formerly  aeid,  has 
been  more  extended,  and  the  results  have  been  such  as  to  give  ad- 
ditional confidence  in  the  practice,  and,  indeed,  an  assurance  of 
good  profit,  on  the  average  of  such  applications.  But  still,  as  be- 
fore, disappointments,  either  total  or  nearly  so,  in  the  effect  of  such 
applications,  have  sometimes  occurred,  and  without  there  being 
any  known  or  apparent  cause  to  which  to  attribute  such  disappoint- 
ment in  the  results. 

In  1832,  nine  acres  of  the  same  body  of  ridge  land  above  re- 
ferred to,  adjoining  the  piece  on  which  the  1st,  2d,  3d,  and  4th 
experiments  were  made,  and  more  lately  cleared,  were  sown  in 
clover  in  the  early  part  of  1831,  on  wheat.  The  next  spring, 
French  gypsum  was  sown  at  the  rate  of  a  bushel  to  the  acre,  ex- 
cept on  four  marked  adjoining  squares,  each  about  one-third  of  an 
acre,  one  of  which  was  left  without  gypsum,  and  the  others  received 
it  at  the  several  rates  of  2,  3,  and  4  bushels  to  the  acre.  The 
whole  brought  a  middling  crop,  and  was  mowed  for  hay,  except  the 
square  left  without  gypsum,  which  did  not  produce  more  than  half 
as  much  as  the  adjoining  land  where  gypsum  was  applied  at  one 
bushel  the  acre.  The  products  of  the  other  pieces  were  slightly 
increased  by  each  addition  to  the  gypsum,  but  by  no  means  in 
proportion  to  the  increased  quantity  used ;  nor  was  the  effect  of  the 
four  bushels  near  equal  to  that  formerly  obtained,  in  several  cases, 
from  20  bushels  of  gypseous  earth  taken  from  the  river  bank. 
Hence  it  seems  that  it  was  not  merely  the  unusual  quantity  of 
gypsum  applied  in  this  earth,  which  produced  such  remarkable 
benefit ;  and  we  must  infer  that  it  contains  some  other  quality  or 
ingredient  capable  of  giving  additional  improvement  to  clover. 
—1835.] 

[Since  the  first  publication  of  the  foregoing  passage  (in  1835), 
and  in  accordance  with  the  views  there  presented,  more  than  10 
tons  of  good  French  gypsum  has  been  used,  in  different  years  and 
with  less  effect,  in  general,  than  formerly,  in  the  first  few  years 
after  the  marling.  This  general  diminution,  and  more  frequent 
total  failures,  may  be  owing  to  the  longer  time  that  the  land  has 
been  marled,  and,  by  the  increase  of  its  vegetable  supplies  serving 
as  putrescent  manure,  the  land  being  thereby  changed  from  calca- 
reous to  neutral,  and  perhaps  in  some  cases  even  approaching  again 
to  being  acid.  If  this  supposition  be  well  founded,  then  a  repetition 
of  the  marling  would  not  only  be  profitable  in  other  respects,  but 

apply  gypBum  for  faTOuring  the  clover  crop,  since  the  lime,  in  decomposing 
the  sulphates,  has  already  formed  an  abundant  supply  of  this  compound 
for  all  the  purposes  of  vegetation."   Lectures  on  Agr.  Chem ^p.  414.] 
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would  increase  or  restore  the  capacity  of  the  soil  to  receive  benefit 
from  gypsum. — ^1842.] 

1832. — The  following  are  my  views  of  the  general  causes  of  the 
inertness  and  worthlessness  of  gypsum  as  manure,  on  all  acid  soils, 
and  for  the  different  and  valuable  results  from  gypsum,  after  the 
soils  have  been  made  calcareous, 

I  do  not  pretend  to  explain  the  mode  of  operation  by  which 
gypsum  produces  its  almost  magical  benefits ;  it  would  be  equally 
hopeless  and  ridiculous  for  one  having  so  little  knowledge  of  the 
successfal  practice  to  attempt  an  explanation,  in  which  so  many 
good  chemists  and  agriculturists,  both  scientific  and  practical,  have 
completely  failed.  There  is  no  operation  of  nature  heretofore  less 
understood,  or  of  which  the  cause,  or  agent,  seems  so  totally  dispro- 
portioned  to  the  effect,  as  the  enormous  increase  of  vegetable 
growth  from  a  very  small  quantity  of  gypsum,  in  circumstances 
favourable  to  its  action.  All  other  known  manures,  whatever  may 
be  the  nature  of  their  action,  require  to  be  applied  in  quantities  very 
far  exceeding  any  bulk  of  crop  expected  from  their  use.  But  one 
bushel  of  gypsum  spread  over  an  acre  of  land  fit  for  its  action,  may 
add  more  than  twenty  times  its  own  weight  to  a  single  crop 
of  clover  hay. 

But  without  pretending  to  account  for  the  wonderful  action  of 
gypsum  as  manure,  and  without  entertaining  any  confidence  in  any 
of  the  numerous  theories  heretofore  presented,  [not  excepting  the 
latest  set  forth,  by  Professor  Liebig],  I  concur  in  the  general 
opinion  expressed  by  Davy.  This  accurate  investigator,  who  took 
nothing  upon  trust  which  could  be  subjected  to  the  test  of  rigid 
experiment, -pursued  that  mode  to  obtain  light  on  this  obscure  sub- 
ject. He  found  by  chemical  analysis,  that  gypsum  was  always 
present  in  the  ashes  of  red  clover,  and  in  quantity,  in  a  good  crop, 
amounting  to  three  or  four  bushels  to  the  acre.  He  inferred  that 
gypsum,  thus  always  forming  a  portion  of  the  clover  plant,  was 
essential  to  its  healthy  existence ;  and  that  it  is  necessary  to  the 
structure  of  the  woody  fibre  of  clover  and  other  grasses.  But  it  is 
enough  if  Davy  was  correct  in  the  main  opinion,  that  a  certain 
though  very  gmall  proportion  of  gypsum  is  an  essential  component 
part  of  certain  plants,  of  which  the  clover  tribe  furnishes  the  most 
noted  examples.  If  this  be  so,  no  matter  what  may  be  the  office 
or  function  of  the  gypsum,  the  small  amount  necessary  for  the  de- 
mands of  the  plants  must  be  present  in  the  soil,  or  otherwise  the 
plants  needing  it  cannot  live,  or  maintain  a  healthy  growth.  It  will 
follow,  further,  that  on  soils  well  adapted  for  clover  in  other 
respects,  but  almost  totally  deficient  in  gypsum,  the  application 
of  so  small  a  dressing  as  one  bushel  of  that  substance  to  the  acre 
may  enable  a  fiiU  crop  of  clover  to  grow,  and  twice  or  thrice  as 
much  as  the  land  could  have  brought  without  this  small  application. 
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Such  I  suppose  to  be  the  circumstances  of  those  lands  of  this 
country  on  which  gypsum  exerts  the  greatest  power.  But  in  Jing- 
land,  though  clover  culture  is  universally  extended,  gypsum  has 
shown  scarcely  any  benefit  as  manure,  and  though  extensively 
experimented  with,  has  not  been  found  sufficiently  operative  to  be 
brought  into  ordinary  practice  on  any  one  farm  in  the  kingdom. 
This  may  be  accounted  for  by  supposing  the  soils  generally  to  be 
supplied  by  nature  abundantly  with  gypsum,  so  that  no  more  is  re- 
quired. Davy  found  gypsum  in  the  soil  itself  of  four  farms, 
examined  with  this  view,  and  in  one  of  them  the  very  large  propor- 
tion of  nearly  one  per  cent.  (Agricultural  Chemistry,  Lecture  vii.) 
But  there  is  another  and  numerous  class  of  cases  in  which  gypsum 
cannot  be  supposed  to  be  present,  and  yet  when  applied  shows  no 
benefit.  These  are  the  poor  acid  soils  of  lower  Virginia  (and  else- 
where), and  the  cause  of  which  it  seems  to  me  not  difficult  to 
explain. 

However  wonderful  and  inscrutable  the  fertilizing  power  of  this 
manure  may  be,  and  admitting  its  cause  as  yet  to  be  hidden,  and 
entirely  beyond  our  reach,  still  it  is  possible  to  show  reasons  why 
gypsum  cannot  act  in  many  situations,  where  all  experience  has 
proved  it  to  be  worthless.  If  this  only  can  be  satisfactorily  ex- 
plained, it  will  remove  much  of  the  uncertainty  as  to  the  effects  to 
be  expected ;  and  the  farmer  may  thence  learn  on  which  soils  he 
may  hope  for  benefit  for  this  manure,  on  which  it  will  certainly 
be  thrown  away,  and  by  what  means  the  circumstances  adverse  to 
its  action  may  be  removed,  and  its  efficacy  thereby  secured.  This 
is  the  explanation  that  I  shall  atteinpt. 

If  the  vegetable  acid,  which  I  suppose  to  exist  in  what  I  have 
called  acid  soils,  is  not  in  part  the  oxalic  (which  is  the  particular 
acid  in  sorrel),  at  least,  every  vegetable  acid,  being  composed  of 
different  proportions  of  the  same  three  elements,  may  easily  change 
to  any  other,  and  all  to  the  oxalic  acid.  This,  of  all  bodies  known 
by  chemists,  has  the  strongest  attraction  for  lime,  and  will  take  it 
from  any  other  acid  which  was  before  combined  with  it ;  and  for 
that  purpose,  the  oxalic  acid  will  let  go  any  other  earth  or  metal, 
which  it  had  before  held  in  combination.  Let  us  then  observe 
what  would  be  the  effect  of  the  known  chemical  action  of  these 
substances,  on  their  meeting  in  soils.  If  oxalic  acid  were  produced 
in  any  soil,  its  immediate  effect  would  be  to  unite  with  its  proper 
proportion  of  lime,  if  enough  were  in  the  soil  in  any  combination 
whatever.  If  the  lime  were  in  such  small  quantity  as  to  leave  an 
excess  of  oxalic  acid,  that  excess  would  seize  on  the  other  substances 
in  the  soil,  in  the  order  of  their  mutual  attractive  forces ;  and  one 
or  more  of  such  substances  are  always  present,  as  magnesia,  or,  more 
certainly,  iron  and  alumina.  The  soil  then  would  not  only  contain 
some  proportion  of  the  oxalate  of  lime,  but  also  the  oxalate  of  either 
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one  or  more  of  the  other  substances  named.  Let  us  now  suppose 
gypsum  to  be  applied  to  this  soil.  The  substance  (sulphate  of  lime) 
is  composed  of  sulphuric  acid  and  lime.  It  is  applied  in  a  finely 
pulverized  state,  and  in  quantities  from  half  a  bushel  to  two  bushels 
the  acre — generally  not  more  than  one  bushel.  As  soon  as  the 
earth  is  made  wet  enough  for  any  chemical  decomposition  to  take! 
place,  the  oxalic  acid  must  let  go  its  base  of  iron  or  alumina,  and 
seize  upon  and  combine  with  the  lime  that  formed  an  ingredient 
of  the  gypsum.  The  sulphuric  acid  left  free,  will  combine  with 
the  iron,  or  the  alumina  of  the  soil,  forming  copperas  in  the  one 
case,  and  alum  in  the  other.  The  gypsum  no  longer  exists — 
and  surely  no  more  satisfactory  reason  can  be  given  why  no  efiect 
from  gypsum  should  follow.  The  decomposition  of  the  gypsum  has 
served  to  form  two  or  perhaps  three  other  substances.  One  of  them, 
oxalate  of  lime,  like  all  salts  of  lime,  is  probable  valuable  as  manure ; 
but  the  very  small  quantity  that  could  b6  formed  out  of  one  or  even 
two  bushels  of  gypsum,  might  have  no  more  visible  eflfect  on  a 
whole  acre,  than  that  small  quantity  of  calcareous  earth,  or  farm- 
yard manure.  The  other  substance  certainly  formed,  copperas,  is 
known  to  be  a  poison  to  soil  and  to  plants — and  alum,  of  which  the 
formation  would  be  doubtful,  I  believe  is  also  hurtful.  In  such 
small  quantities,  however,  the  poison  would  be  as  little  perceptible 
as  the  manure ;  and  no  apparent  effect  whatever  could  follow  such 
an  application  of  gypsum  to  an  acid  soil.  So  small  a  proportion  of 
oxalic  axid,  or  any  oxalate  other  than  of  lime,  would  suffice  to  de- 
compose and  destroy  the  gypsum,  that  it  would  not  amount  to  one 
part  in  twenty  thousand  of  the  soil. 

Why  gypsum  sometimes  acts  as  a  manure  on  acid  soils  when 
applied  in  large  quantities  for  the  space,  is  equally  well  explained 
by  the  same  theory.  If  a  handful,  or  even  a  spoonful  of  gypsum 
is  put  on  a  space  of  six  inches  square,  it  would  so  much  exceed  in 
proportion  all  the  oxalic  or  other  vegetable  acid  that  could  speedily 
come  in  contact  with  it,  that  all  would  not  be  decomposed,  and  the 
part  that  continued  to  be  gypsum  would  show  its  peculiar  powers 
perhaps  long  enough  to  improve  one  crop.  But  as  tillage  served 
to  scatter  these  little  collections  more  equally  over  the  whole  space 
— or  even  as  repeated  soaking  rains  allowed  the  extension  of  the 
attractive  powers — applications  like  these  would  also  be  destroyed, 
after  a  very  short-lived,  limited,  and  rarely  profitable  action. 

Soils  that  are  naturally  calcareous,  or  even  neutral,  cannot  con- 
tain oxalic  acid  combined  with  any  other  base  than  lime.  Hence, 
gypsum  applied  there  continues  to  he  gypsum,  and  exerts  its  great 
fertilizing  power,  as  in  the  counties  of  Loudoun  and  Frederick. 
But  even  on  these  most  suitable  soils,  this  manure  is  said  not  to 
be  certain  and  uniform  in  its  effects ;  and,  of  course,  more  certain 
results  are  not  to  be  looked  for  with  us.     I  have  not  undertaken 


154  GYPSUM  ON  ACID   SOILS. 

to  explain  its  occasional  failures  any  more  than  its  general  success, 
on  the  lands  where  it  is  profitably  used  in  general — ^but  only  why 
it  cannot  act  at  all,  on  lands  of  a  different  kind. 

The  same  chemical  action  being  supposed,  explains  why  the 
power  of  profiting  by  gypsum  should  be  immediately  awakened  on 
acid  soils  after  making  them  calcareous ;  and  why  that  manure 
should  seldom  fail,  when  applied  mixed  with  much  larger  quantities 
of  calcareous  earth. 

[When  the  foregoing  attempt  to  explain  the  cause  of  the  non- 
action of  gypsum  on  acid  soils  was  written,  and  first  published  in  1832 
(as  it  here  appears  distinguished  from  the  later  additions),  the  dis- 
covery of  humic  acid  by  European  chemists  was  not  known  to  me, 
and  its  very  general  existence  in  soils,  now  universally  recognised, 
was  scarcely  known  to  any.  Without  pretending  to  identify  the 
acid  of  soil  whose  existence  I  maintained,  as  early  as  1818,  to  be 
almost  universally  present  and  injurious  in  this  country,  it  is  now 
clear  and  unquestioned  that  the  humic  acid  is  thus  plentifully  and 
generally  diffiised.  The  effects  ascribed  above  to  the  supposed 
oxalic  acid,  of  decomposing  and  destroying  sulphate  of  lime  when 
applied  as  manure,  may  be  as  much  produced  by  the  actually  pre- 
sent humic  acid.  For,  not  only  is  the  latter  convertible  to  the 
former,  as  above  argued  of  all  vegetable  acids,  but,  without  the 
need  of  such  conversion,  the  humic  acid  is  now  understood  to  have 
the  like  power  of  decomposing  sulphate  of  lime.  This  is  stated 
fully  and  distinctly  in  a  very  recent  publication  (Browne's  Ame- 
rican Muck  Book,  1852),  as  follows :  "Gypsum  is  decomposed  by 
carbonate  and  muriate  of  barytes,  the  carbonates  of  strontia, 
potash,  soda,  and  ammonia,  as  well  as  by  oxalic  and  humic  acids, 
and  where  any  of  the  four  last  named  occur  naturally  in  the  soil, 
or  are  applied  by  artificial  means,  new  combinations  take  place, 
which  are  attended  in  some  cases  with  beneficial  results.  .  .  . 
If,  however,  it  [the  soil]  contains  too  much  free  humic  acid,  it  wiU 
decompose  the  gypsum,  so  that  humate  of  lime  will  be  formed,  and 
the  sulphuric  acid  set  free,  which  may  then  act  as  a  corrosive  on  the 
roots  of  plants"  (p.  71.)  Nothing  is  wanting  to  the  fullest  and 
clearest  establishment  of  my  doctrine  as  stated  above,  except  that 
the  humic  acid,  like  the  oxalic,  has  stronger  affinity  for  lime  than 
the  sulphuric,  and  therefore  will  decompose  sulphate  of  lime 
(gypsum),  and  form  instead  humate  of  lime,  of  which  the  effect 
as  manure  is  altogether  different.  And  that  humic  acid  (or  what- 
ever may  be  the  acid  of  soil)  really  has  this  stronger  affinity  for 
lime,  is  sustained  by  enough  agricultural  facts  within  my  personal 
observation,  even  if  the  proposition  had  no  support  whatever  from 
chemical  science. — 1852.] 


CHAPTER  XVni. 

THE  DAMAGE  CAUSED  BY  TOO   HEAVY  DRESSINGS  Or  OAICAREOUS 
MANURE,  AND  THE  REMEDY. 

Proposition  5 — continued. 

The  injury  or  disease  in  grain  crops  produced  by  marling  has 
so  lately  been  presented  to  our  notice,  that  the  collection  and  com- 
parison of  many  additional  facts  will  be  required  before  its  cause 
can  be  satisfactorily  explained.  But  the  facts  already  ascertained 
will  at  least  show  how  to  avoid  the  danger  of  such  injury  in  future, 
and  to  find  remedies  for  the  evils  already  infiicted  by  the  injudi- 
cious use  of  calcareous  manures. 

The  earliest  effect  of  this  kind  observed  was  in  May,  1824,  on 
the  field  containing  experiment  10.  The  corn  on  the  land  marled 
four  years  before  sprang  up  and  grew  with  all  the  vigour  and  luxu- 
riance that  was  expected  from  the  appearance  of  increased  fertility 
exhibited  by  the  soil,  as  before  described  (page  133.)  .  About  the 
20th  of  May  the  change  commenced,  and  the  worst  symptoms  of 
the  disease  were  seen  by  the  11th  of  June.  From  having  as  deep 
a  colour  as  young  corn  shows  on  the  richest  and  best  soils,  it  be- 
came of  a  pale  sickly  green.  The  leaves,  when  closely  examined,  . 
seemed  almost  transparent,  afterwards  were  marked  through  their 
whole  length  by  streaks  of  rusty  red,  separated  very  regularly  by 
other  streaks  of  what  was  then  more  of  yellow  than  green ;  and. 
next  they  began  to  shrivel  and  die  downwards  from  their  extremi- 
ties. The  growth  of  many  of  the  plants  was  nearly  stopped. 
Still  some  few  showed  no  sign  of  injury,  and  maintained  the 
vigorous  growth  which  they  began  with,  so  as  by  contrast  more 
Strongly  to  mark  the  general  loss  sustained.  The  appearance  of 
the  field  was  such,  that  a  stranger  would  have  supposed  that  he 
saw  the  crop  on  a  rich  soil  exposed  to  the  worst  ravages  of  some 
destructive  kind  of  insects ;  but  neither  on  the  roots  or  stalks  of 
the  corn  could  any  thing  be  found  to  support  that  opinion.  Before 
the  first  of  August  this  gloomy  prospect  had  somewhat  improved. 
Most  of  the  plants  seemed  to  have  been  relieved  of  the  infliction, 
and  to  grow  again  with  renewed  vigour.  But  before  that  time 
many  were  dead,  and  it  was  impossible  that  the  others  could  so 
fully  recover  as  to  produce  anything  approaching  a  full  crop  for 
the  land.  It  has  been  shown  in  the  report  of  the  products  of  Exp.. 
10,  what  diminution  of  crop  was  then  sustained,  and  that  the  evil 
was  not  abated  in  the  three  succeeding  courses  of  cultivation. 

(155) 
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Stiil,  neither  of  the  diseased  measured  pieces  has  fallen  quite  as 
low  as  its  product  before  marling ;  nor  do  I  think  that  such  has 
been  the  result  on  any  one  acre  together  on  my  farm,  though  many 
smaller  spots  have  been  rendered  incapable  of  yielding  even  so 
much  as  a.  grain  of  corn  or  wheat. 

The  injury  caused  to  wheat  by  marling  is  not  so  easy  to  describe,, 
though  abundantly  evident  to  the  observer.  Its  earliest  growth, 
like  that  of  corn,  is  not  affected.  About  the  time  for  heading,  the 
plants  most  diseased  appear  as  if  they  were  scorched,  and  when 
ripe  will  be  found  very  deficient  in  grain.  On  very  poor  spots, 
from  which  nearly  all  the  soil  has  been  washed,  sometimes  fifty 
heads  of  wheat,  taken  together,  would  not  furnish  as  many  grains 
of  wheat.  This  crop,  however,  suffers  less  than  corn  on  the  same 
land ;  perhaps  because  its  growth  is  nearly  completed  by  the  time 
that  the  warm  season  begins,  to  which  the  ill  effects  of  calcareous 
manures  seem  confined.  The  injury  to  corn  is  also  greater  in  a 
wet  than  a  drier  summer. 

When  these  unpleasant  discoveries  were  first  made,  two  hundred 
and  fifty  acres  had  already  been  marled  so  heavily  that  the  same 
evil  was  to  be, expected  to  visit  the  whole.  My  labours,  thus  be- 
stowed for  years,  had  been  greatly  and  unnecessarily  increased; 
and  the  excess,  worse  than  being  thrown  away,  had  served  to  take 
away  that  increase  of  crop  which  lighter  marling  would  have 
insured.  But  though  much  and  general  injury  was  afterwards 
sustained  from  the  previous  work,  yet  it  was  lessened  in  extent  and 
degree,  and  sometimes  entirely  avoided,  by  the  remedial  measures 
which  were  adopted.  My  observation  and  comparison  of  all  the 
facts  presented,  led  to  the  following  conclusions,  and  pointed  out 
the  course  by  which  to  avoid  the  recurrence  of  the  evil,  and  the 
means  to  lessen  or  remove  it,  where  it  had  already  been  inflicted. 

1st.  No  injury  has  been  sustained  on  any  soil  of  my  farm  by 
marling  not  more  heavily  than  two  hundred  and  fifty  heaped 
bushels  to  the  acre,  with  marl  of  strength  not  exceeding  40  per 
cent,  of'  calcareous  earth. 

2d.  Dressings  twice  as  heavy  seldom  produce  damage  to  the  first 
crop  on  any  soil ;  and  never  even  on  the  after  crops  on  any  calca- 
reous, or  good  neutral  soil;  nor  on  any  acid  soil  supplied  plenti- 
fully with  vegetable  matter. 

3d.  On  acid  soils  marled  too  heavily,  the  injury  is  in  proportion 
to  the  extent  of  one  or  all  these  circumstances  of  the  soil — poverty, 
sandiness,  and  severe  cropping  and  grazing,  whether  inflicted  pre- 
viously or  subsequently. 

4th.  Clover,  both  red  and  white,  will  live  and  flourish  on  the 
spots  most  injured  for  grain  crops  by  marling  too  heavily.  Thus, 
in  the  case  before  cited  of  land  adjacent  to  the  pieces  measured  in 
experiment  10,  and  equally  over-marled,  very  heavy  red  clover  was 
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raised  in  1830,  by  adding  gypseous  earth,  and  which  was  succeeded 
by  a  good  growth  of  corn,  free  from  every  mark  of  disease,  in  1832. 

5th.  A  good  dressing  of  putrescent  manure  removes  the  disease 
completely  (see  Exp.  11,  12,  13).  All  kinds  of  marl  .(or  fossil 
shells)  have  sometimes  been  injurious ;  but  such  effects  have  been' 
more  generally  experienced  from  the  dry  yellow  marl,  than  from 
the  blue  and  wet. 

The  inferences  to  be  drawn  from  these  facts  are  obvious.  They 
direct  us  to  avoid  injury  by  applying  marl  lightly  at  first,  and  to  be 
still  more  cautious  according  to  the  existence  of  the  circumstances 
stated  as  increasing  the  tendency  of  marl  to  do  harm.  Next,  if 
the  over-dose  has  already  been  given,  we  should  forbid  grazing 
entirely,  and  furnish  putrescent  manure  as  far  as  possible ;  or  omit 
one  or  two  grain  crops,  so  as  to  allow  more  vegetable  matter  to  be 
fixed  in  the  land — apply  putrescent  manures — and  sow  clover  as 
soon  as  circumstances  permit.  One  or  more  of  these  remedies 
have  been  used  on  most  of  my  too  heavily  marled  land ;  and  with 
considerable,  though  not  always  with  entire  success,  because  the 
means  for  the  cure  could  not  always  be  furnished  at  once  in  suffi- 
cient abundance.  Other  persons,  who  permitted  close  grazing,  and 
adopted  a  more  scourging  rotation  of  crops,  have  suffered  more 
damage,  from  much  lighter  dressings  of  marl  than  those  of  mine 
which  were  injurious. 

But  though  the  unlooked-for  damage  sustained  from  this  cause 
produced  much  loss  and  disappointment,  and  has  greatly  retarded 
the  progress  of  my  improvements,  it  did  not  suspend  my  marling, 
nor  abate  my  estimate  of  the  value  of  the  manure.  If  a  cover  of 
500  or  600  bushels  was  so  strong  as  to  injure  land  of  certain 
qualities,  it  seemed  to  be  a  fair  deduction,  that  the  benefit  expected 
from  so  heavy  a  dressing,  might  have  been  obtained  from  half  the 
quantity;  if  not  on  the  first  crop,  at  least  on  every  one  after- 
wards. That  surely  is  nothing  to  be  lamented.  It  also  afforded 
some  consolation  for  the  evil  of  the  too  heavy  marlings  already 
applied,  that  the  soil  was  thereby  fitted  to  seize  upon  and  retain  a 
greater  quantity  of  vegetable  matter,  and  would  thereby  ultimately 
reach  a  higher  grade  of  fertility. 

The  cause  of  this  disease  is  less  apparent  than  its  remedies.  It 
is  certain  that  it  is  not  produced  merely  by  the  quantity  of  calca- 
reous earth  in  the  soil/  If  it'  were  so,  similar  eJBfects,  shown  in 
diseased  crops,  would  always  be  found  on  soils  containing  far 
greater  proportions  of  that  earth.  These  injurious  efiects  have  not 
been  known,  to  any  extent,  except  on  soils  formerly  acid,  and  made 
calcareous  artificially ;  and  not  on  neither  neutral  or  calcareous 
soils,  even  by  the  addition  of  a  great  excess  of  marl.  The  small 
spots  of  land  that  nature  has  made  excessively  calcareous,  by  marl 
beds  cropping  out  at  the  surface  of  cultivated  fields  (as  the  speci- 
14 
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men  4,  page  60),  produce  indeed  a  pale  feeble  growth  of  corn, 
such  as  might  be  expected  from  poor  gravelly  soils ;  but  whether 
the  plants  yield  grain,  or  are  barren,  they  show  none  of  those  pecu- 
liar and  strongly  marked  symptoms  of  disease  which  have  been 
described.  Some  such  places  on  my  farm,  ffom  which  great  quan- 
tities of  poor  sandy  marl  had  been  removed  for  manure,  and  where 
the  remainder  stiU  was  of  unknown  depth,  have  been  afterwards 
cultivated  with  the  surrounding  land ;  and  with  no  more  aid  than 
the  portion  of  the  adjacent  soil  carried  thereto  necessarily  by  the 
plough,  these  places  have  gradually  improved  to  a  product  equal  to 
12  or  15  bushels  of  com  per  acre,  and  have  never  exhibited  any 
mark  of  the  marl  disease. 

By  calculation,  it  appears  that  the  heaviest  dressing  causing  in- 
jurious consequences,  if  mixed  to  the  depth  of  five  inches,  has  not 
given  to  the  soil  a  proportion  of  calcareous  earth  equal  to  two  per 
cent.  This  proportion  is  greatly  exceeded  in  our  best  shelly  land, 
and  no  such  disease  is  found  there,  even  when  the  rich  mould  is 
nearly  all  washed  away,  and  the  shells  mostly  left.  [Soils  of  re- 
markable fertility  from  the  prairies  of  Alabama  and  Mississippi 
have  been  shown  (page  66)  to  contain  from  8  to  16  per  cent,  of 
calcareous  earth,  all  of  which  proportions  were  in  the  state  of  most 
minute  division,  and  therefore  most  ready  to  produce  this  disease, 
if  it  could  have  been  produced  by  the  quantity  of  this  ingredient. 
A  specimen  of  soil  remarkable  for  its  great  fertility,  and  maintaining 
it  under  40  years  of  successive  com  culture,  in  Scioto  valley,  Ohio, 
Was  sent  me  by  Dr.  Thomas  Massie.  It  contained  10  per  cent,  of 
carbonate  of  lime  and  magnesia.  The  soU  of  the  borders  of  the 
Nile,  celebrated  for  its  exuberant  fertility  through  thousands  of 
successive  crops,  contains  about  25  per  cent,  of  carbonate  of  lime. 
(Lycll's  Geology.y\  Very  fertile  soils  in  France  and  England 
sometimes  contain  20  or  30  per  cent.  Among  the  soils  of  remarka- 
ble good  qualities  analyzed  by  Davy,  one  is  stated  to  contain  about 
28  per  cent.,  and  another,  which  was  eight-ninths  of  silicious  sand, 
contained  nearly  10  per  cent,  of  calcareous  earth.  Nor  does  he 
intimate  that  such  proportions  are  very  rare.  SimUar  results  have 
been  stated,  from  analyses  reported  by  Kirwan,  Young,  Bergman, 
and  Rosier  (page  51) ;  and  from  all  the  same  deduction  is  inevita- 
ble, that  much  larger  natural  proportions  of  calcareous  earth,  than 
our  diseased  lands  have  received,  are  very  common  in  France  and 
England,  without  any  such  effect  being  produced. 

From  the  numerous  facts  of  which  these  are  examples,  it  is  cer- 
tain that  calcareous  earth  acting  alone,  or  directly,  has  not  caused 
this  injury ;  and  it  seems  most  probable  that  the  cause  is  some  new 
combination  of  lime  formed  in  acid  soils  only ;  and  that  this  new- 
combination  is  hurtful  to  grain  under  certain  circumstances  which 
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we  may  avoid,  and  is  highly  beneficial  to  eyery  kind  of  clover. 
Perhaps  it  is  the  [humate,  or  some  other  vegetable]  salt  of  lime, 
formed  by  the  calcareous  manure  combining  with  the  acid  of  the 
soil,  which,  not  meeting  with  enough  vegetable  matter  to  combine 
with  and  fix  in  the  soil,  causes,  by  its  excess,  all  these  injurious 
effects. 


CHAPTER  XIX. 

RECAPITULATION  AND   MORE  PULL  STATEMENTS  OP  THE  EFFECTS 
OP  CALCAREOUS  MANURES. 

Proposition  5 — continued. 

From  the  foregoing  experiments  may  be  gathered  most  of  the 
effects,  both  injurious  and  beneficial,  to  be  expected  from  calcareous 
manures,  on  the  several  kinds  of  soils  there  described.  Information 
obtained  from  statements  in  detail  of  agricultural  experiments,  is 
far  more  satisfactory,  to  the  attentive  and  lajjorious  inquirer,  than 
a  mere  report  of  the  general  opinions  of  the  experimenter,  derived 
from  the  results.  But  however  conclusive  may  be  this  mode  of  re- 
porting facts,  it  is  necessarily  deficient  in  method,  clearness,  and 
conciseness.  It  may  therefore  be  useful  to  bring  together  the 
general  results  of  these  experiments  in  a  solnewhat  digested  form, 
to  serve  as  rules  for  practice.  Other  effects  of  calcareous  manures 
will  also  be  stated,  which  are  likewise  established  by  experience, 
but  which  did  not  belong  to  any  one  accurately  observed  experiment. 

The  results  that  have  been  reported  confirm  in  almost  every 
particular  the  chemical  powers  before  attributed  to  calcareous  ma- 
nures, by  the  theory  of  their  action.  It  is  admitted  that  causes 
and  effects  were  not  always  proportioned,  and  that  sometimes 
trivial  apparent  contradictions  were  presented.  But  this  is  inevi- 
table, even  with  regard  to  the  best  established  doctrines,  and  the 
most  perfect  processes  in  agriculture.  There  are  many  practices 
universally  admitted  to  be  beneficial ;  yet  there  are  none  of  these 
which  are  not  found  sometimes  useless,  or  hurtful,  on  account  of 
some  other  attendant  circumstance,  which  was  not  expected,  and 
perhaps  not  discovered.  Every  application  of  calcareous  earth  to 
a  deficient  soil  is  a  chemical  operation  on  a  great  scale.  Decompo- 
sitions and  new  combinations  are  produced,  and  in  a  manner  gene- 
rally conforming  to  the  operator's  expectations.  But  other  and 
unknown  agents  may  sometimes  have  a  share  in  the  process,  and 
thus  cause  unlooked-for  results.  Such  differences  between  practice 
and  theory  have  sometimes  occurred  in  my  use  of  calcareous  ma- 
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nures  (as  may  be  observed  in  some  of  the  reported  experiments), 
but  they  have  neither  been  frequent,  uniform,  nor  important. 

[But  in  nearly  all  such  cases  of  disproportion  between  causes 
and  effects  in  the  use  of  marl,  the  manner  of  variation  has  been 
in  the  effects  surpassing  the  anticipated  power  of  the  causes  (as 
previously  inferred  from  reasoning  and  in  advance  of  any  practice), 
and  in  very  few,  if  indeed  any  cases,  of  the  contrary  operation,  of 
the  results  falling  short  of  what  might  have  been  inferred  from  the 
theory  of  the  action  of  calcareous  manures.  For  such  variation  as 
this,  it  may  be  that  no  reader  will  require  either  excuse  or  explana- 
tion ;  nevertheless  it  is  as  much  due  to  truth  that  it  should  be 
stated,  as  if  the  opposite  kind  of  difference  existed. 

Before  my  earliest  trials,  or  practical  knowledge,  of  the  effects 
of  marl,  I  was  well  assured,  by  my  theoretical  reasoning,  that  this 
manure  would  correct  the  acidity  of  poor  soil,  and  enable  it  to  be 
enriched  by  putrescent  manures.  But  I  was  still  totally  at  a  loss 
to  know,  or  to  guess,  how  much  calcareous  earth  would  be  required 
for  that  result,  or  how  much  time  might  be  required  for  the  suffi- 
cient quantity  to  produce  its  full  effect ;  and  there  were  grounds  to 
fear  that  the  quantity  of  the  manure  and  time  for  its  operation, 
and  consequently  the  cost  compared  to  profit,  would  be  much 
greater  than  after-experience  has  shown.  If  1000  bushels,  of  ordi- 
nary marl  had  been  required  for  an  acre,  and  10  years'  time  for  that 
application  to  raise  the  product  to  double  its  previous  rate,  the 
theory  of  the  action  of  calcareous  manures  would  have  been  sus- 
tained. But  in  fact,  as  great  effect  as  this  has  been  usually  pro- 
duced (in  judicious  and  proper  practice),  by  measures  of  marl  and 
of  time  less  by  three-fourths  than  those  just  stated.  And  thus, 
while  effects  have  almost  universally  exceeded  in  measure  the  sup- 
posed power  of  their  causes,  I  may  safely  assert  that  in  not  a  sin- 
gle case,  in  the  tide-water  region,  of  a  judicious  application  of 
marl  or  lime,  has  it  been  known  that  the  effect  fell  short  of  what 
would  be  indicated  by  my  theory  of  the  action  of  calcareous  earth 
as  manure. 

But  there  is  still  another  exception  to  admit,  if  it  be  one,  or  of 
■  apparent  want  of  accordance  between  theory  and  practice;  and 
unluckily,  this  case  is  of  the  effects  falling  short  of  the  supposed 
power  of  causes.  There  has  as  yet  been  made  but  little  use  of 
lime  in  the  region  immediately  above  the  granite  ridge  which  forms 
the  lower  falls  of  our  eastern  rivers.  But  almost  all  the  failures 
of  lime  to  act  that  have  been  heard  of,  or  of  effects  falling  much 
short  of  what  were  expected  and  arfe  usual,  are  among  the  few  ex- 
periments which  have  been  made  within  fifty  miles  above  the 
granite  ridge.  While  truth  requires  that  the  fact  of  these  failures 
should  be  stated,  I  pretend  not  to  account  for  them.  It  may  be 
the  case,  and  probably  is,  that  there  is  a  general  difference  of 
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chemical  constitution  between  lands  even  of  like  apparent  texture 
and  qualities,  above  and  below  the  falls,  as  there  certainly  was  a 
great  difference  of  geological  formation.* 

Of  the  poor  lands  above  the  falls,  my  knowledge  is  but  slight, 
and  founded  only  on  general  and  slight  personal  observation,  or  the 
report  and  better  information  of  resident  cultivators.  But  judg- 
ing from  such  uncertain  lights,  I  would  infer  that  the  lands  above 
the  falls  were  much  less  acid  than  those  below,  even  when  as  poor. 
The  growth  of  pine  and  of  sorrel  is  more  scarce  on  lands  above  the 
falls ;  and  gypsum  often  acts  there  on  natural  soils,  and  lime  (in 
some  known  trials)  has  produced  but  slight  benefit.  On  the  con- 
trary, gypsum  is  scarcely  ever  operative  on  any  natural  soil  below 
the  falls  (that  is,  on  any  of  the  great  body  of  acid  soil),  and  lime 
never  fails  to  act  well  on  these  same  lands. 

The  most  important  observation  to  be  made  on  the  disproportion 
of  causes  and  effects,  in  the  tide-water  region,  is  in  regard  to  good 
neutral  soils,  and  especially  as  to  that  best  class  known  by  the 
common  name  of  "  chocolate"  or  "  mulatto  land,"  or  "  hazel  loam," 
as  designated  more  properly  in'  England.  On  such  soils,  which 
constitute  the  chief  value  of  the  best  farms  of  James  river,  the 
applications  of  lime  have  been  the  most  extensive,  and  always 
highly  effective. 

*  The  falls  of  the  rivers  of  eastern  Virginia  mark  the  eastern  and  lower 
outline  of  the  primitive  region.  The  soils  of  that  region  have  been  formed 
more  immediately  or  recently  from  the  disintegration  of  rocks ;  and  this 
natural  process  is  still  going  on,  va,  the  gradual  continued  disintegration  of 
the  still  remaining  rocks,  and  even  of  gravel  and  sand.  For,  however  much 
the  materials  of  tiie  soils  have  been  intermixed  by  natural  causes,  and  the 
soils  thereby  made  more  of  uniform  character,  still  each  remaining  stone, 
and  even  each  grain  of  sand,  is  a  fragment  and  sample  of  the  original  com- 
pound rock  from  which  it  crumbled  down.  Most  of  the  different  rooks 
contain,  chemically  combined,  several,  if  not  all  the  important  chemical 
earths ;  though,  as  in  poor  soils,  silica  and  alumina  are  usually  most 
abundant,  and  lime  and  magnesia  are  in  very  minute  proportions.  Still, 
in  the  intermixture  of  fragments  of  all  the  ordinary  rocks  of  that  region, 
and  by  their  continued  gradual  disintegration,  there  are  still  furnished  to 
every  soil  so  formed  new  supplies  of  all  the  necessary  earths,  and  of  potash 
also.  Small  as  may  be  the  amount  of  lime  and  potash,  there  is  some  of 
each  famished  every  year  to  every  such  soil,  by  the  disintegration  of  its  re- 
maining fragments  of  rocks. 

On  lie  other  hand,  the  soils  and  sub-soils  of  the  region  below  the  falls 
are  composed  of  a  much  earlier  disintegration  of  rocks.  Except  some 
rarely  found  hard  pebbles,  and  gravel  (mostly  of  quartz),  all  rounded 
by  being  water-rolled,  everything  in  these  soils  has  been  reduced  to  the 
minutest  particles.  Even  if  these  soils  had  been  originally  produced  from 
the  same  kinds  of  rocks,  as  those  above  the  falls,  still  there  must  be  a, 
great  difference  between  the  soils  in  which  the  process  of  disintegration 
andidecomposition  is  yet  in  continual  progress,  and  those  in  which  it  has 
been  completed  and  has  ceased  for  countless  ages. 

14* 
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The  fact  that,  the  eflFects  of  calcareous  manures_  so  generally  ex- 
ceed in  measure  the  supposed  power  and  operation  of  the^  causes, 
and  more  especially  in  regard  to  neutral  soils,  seemed  to  indicate 
that  calcareous  manures  possessed  other  fertilizing  powers,  be- 
sides those  set  forth  in  Chapter  VIII.  This,  which  formerly  was 
stated  as  a  probability,  may  now  be  considered  as  certain.  Evi- 
dence of  such  eflFects,  and  of  the  supposed  auxiliary  and  lately 
known  causes,  will  hereafter  be  presented.  Dismissing  them  from 
consideration  for  the  present,  I  will  return  to  stating  the  results  of 
applying  marl  as  they  have  occurred  almost  without  exception  in 
my  own  earlier  practice,  and  which  are  confirmed  by  the  con- 
currence of  all  known  and  certain  testimony  in  regard  to  practical 
operations  in  the  marl  region  of  Virginia.] 

Under  like  circumstances  in  other  respects,  the  benefit  derived 
from  marling  will  be  in  proportion  to  the  quantity  of  vegetable  or 
other  putrescent  matter  given  to  the  soil.  It  is  essential  that  the 
cultivation  should  be  mild,  and  that  little  or  no  grazing  be  per- 
mitted on  poor  lands  under  regular  tillage,  and  which  have  no 
supply  of  putrescent  manure,  except  the  grass  and  weeds  growing 
on  them,  while  at  rest.  Wherever  farm-yard  manure  is  used,  the 
land  should  be  marled  heavily;  and  if  the  marl  is  applied  first,  so 
much  the  better.  The  marl  cannot  act  by  fixing  the  other  manure, 
except  so  far  as  they  are  in  contact,  and  when  both  are  well  mixed 
with  the  soil. 

[When  I  first  asserted  the  agency  and  force  of  calcareous  ma- 
nures in  fixing  alimentary  manures  in  soils,  and  maintained  the  _ 
great  and  indispensable  necessity  of  that  operation,  the  proposition 
was  founded  almost  exclusively  on  reasoning,  and  on  observation 
'  of  natural  soils,  and  not  at  all  on  practical  effects  then  experienced 
from  applications  of  marl  or  lime.  From  the  very  nature  of  the 
case,  such  effects  as  these,  however  important  and  valuable,  could 
not  be  seen  at  first,  nor  fully  even  in  a  very  few  years  after  begin- 
-jning  to  marl,  nor  their  extent  be  understood  and  appreciated. 
Moreover,  my  earlier  experience  had  shown  so  fully  the  incapacity 
of  my  acid  or  naturally  poor  soils  to  retain  alimentary  manures, 
and  my  labours  and  expenditures  to  apply  them  had  been  so  very 
unprofitable,  that  I  was  not  myself  prepared  for  the  full  extent  of 
the  contrary  operation,  after  marl  had  been  applied.  And  though 
the  views  and  estimation  of  such  new  operation  have  been  yearly 
enlarging,  from_  the  experience  of  practical  results,  still  my  esti- 
mate of  the  fixing  value  of  marl  fell  short  of  what  is  now  confi- 
dently believed,  and  which  is  every  season  manifest,  of  the  greater 
effect  and  permanency,  and  far  greater  profit  of  alimentary  ma- 
nures, caused  solely  by  the  presence  of  calcareous  earth  in  the 
same  soils.  Notwithstanding  that  the  theory  of  the  action  of  cal- 
careous manures,  as  set  forth  in  this  essay,  and  published  as  early 
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as  1821,  made  this  fixing  operation  the  first  of  the  two  most  im- 
portant agencies,  and  though  that  theoretical  view  guided  my  prac- 
tice from  the  beginning,  still  it  was  not  until  after  a  long  time,  that 
gradually  and  slowly  I  fully  and  truly  estimated  the  full  value  and 
profit  of  this  operation.  My  early  and  zealous  efforts  (before  be- 
ginning to  marl)  to  improve  naturally  poor  lands  by  the  vegetable 
and  animal  manures  of  the  farm,  had  been  so  much  disappointed, 
and  the  effects  had  been  so  inconsiderable  as  well  as  so  fleeting, 
that  it  was  long  before  I  arrived  at  the  conviction  of  the  full  ex- 
tent of  the  opposite  and  new  condition  of  the  soil.  But  during 
latter  years,  the  certain  and  profitable  operation,  and  durable  ope- 
ration, of  every  kind  of  vegetable  or  alimentary  manure,  no  mat- 
ter how  or  when  applied,  has  been  made  obvious ;  and  now  my 
estimate  of  value  would  be,  that  if  marling  had  no  other  operation 
whatever  than  this  one  of  making  other  manures  much  more  active 
and  durable,  the  profit  from  this  one  source  alone  would  amply  re- 
ward all  the  usual  labours  and  expenses  of  the  operation.* 

On  "galled"  spots,  from  which  all  the  soil  has  been  washed,  and 
where  no  plant  can  live,  the  application  of  marl  alone  is  utterly 
useless;  at  least,  until  time  and  accident  shall  furnish  some  addi- 
tion of  vegetable  matter  also.  Putrescent  manures  alone  would 
there  have  but  little  effect,  unless  in  great  quantity,  and  would 
soon  be  aU  lost.  But  marl  and  putrescent  matter  together  serve  to 
form  a  new  soil,  and  thus  both  are  brought  into  useful  action ;  the 
marl  is  made  active,  and  the  putrescent  manure  permanent.  The 
only  perfect  cures,  that  I  have  been  able  to  make,  at  one  operation, 
of  galls  produced  upon  a  barren  sub-soil,  were  by  applying  heavy 
dressings  of  both  calcareous  and  putrescent  manures  together ;  and 
this  method  may  be  relied  on  as  certainly  effectual.  But  though 
a  fertile  soil  may  thus  be  created,  and  fixed  durably  on  galls  other- 
wise irreclaimable,  the  cost  will  generally  exceed  the  vakie  of  the 
land  recovered,  from  the  great  quantity  of  putrescent  matter  re- 
quired. Much  of  our  acid  hilly  land  has  been  deprived,  by  wash- 
ing, of  a  considerable  portion  of  its  natural  soil,  though  not  yet 
made  entirely  barren.  The  foregoing  remarks  equally  apply  to 
this  kind  of  land,  to  the  extent  that  its  soil  has  been  carried  off. 
It  will  be  profitable  to  apply  marl  to  such  land ;  but  its  effect  will 
be  diminished,  in  proportion  to  the  previous  removal  of  the  soil.^ 
Calcareous  soils,  from  the  difference  of  texture,  are  much  less  apt 
to  wash  than  other  kinds.    Within  a  few  years  after  marling  a  hilly 

[*  Oonfirmaiory  testimony. — Liming  "  increases  the  effect  of  a  given  ap- 
plication of  [putrescent]  manure;  calls  into  action  that  which,  having  been 
previously  added,  appears  to  lie  dormant ;  and  though  manure  must  be 
plentifully  laid  upon  the  land  after  it  has  been  well  limed,  yet  the  same 
degree  of  productiveness  can  still  be  maintained  at  a  less  cost  of  manure 
than  where  no  lime  has  been  applied."     Johnston's  Lectures,  p.  391.] 
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field  that  has  been  injured  by  washing,  many  of  the  old  guUeys 
will  begin  to  produce  vegetation,  and  show  that  a  soil  is  gradually 
forming  from  the  dead  vegetables  brought  there  by  winds  and 
rains,  although  no  means  had  been  used  to  aid  this  operation. 

[This  newly  acquired  ability  to  resist  the  washing  power  of  rains, 
is  one  of  the  most  beneficial  eflFects  of  marling  on  hilly  lands. 
And  this  effect  is  no  less  certain,  than  it  is  conformable  to  the 
theory  of  the  action  of  marl  and  to  reason.  On  soils  containing 
very  little  lime  (or  almost  none,  as  in  naked  sub-soils),  whether 
they  be  sandy  or  clayey,  there  is  nothing  to  combine  the  vegetable 
matter  with  the  soil,  nor  the  different  ingredients  of  the  soil  with 
each  other.  Consequently  they  have  no  cohesion,  and  whenever 
made  very  soft,  or  semi-fluid  by  rains,  and  there  is  any  declivity, 
there  is  nothing  to  prevent  the  soil,  or  upper  surface,  being  washed 
off  by  excessive  rain,  though  falling  gently.  Of  cpurse,  torrents 
of  rain  produce  the  same  injurious  effects  much  more  rapidly  and 
effectually.  But  when  such  soils  have  been  made  calcareous,  a 
chemical  combination  and  bond  of  union  and  coherence  is  formed 
between  the  lime  and  the  putrescent  or  organic  matter,  and  of  both 
with  the  silicious  and  argillaceous  parts  of  the  soil ;  which  combi- 
nation is  able  to  resist  any  but  an  unusual  force  of  the  washing 
action  of  rains.*  Moreover,  by  the  increase  of  productive  power 
thus  given,  grass  grows  more  kindly  and  rapidly,  and  by  its  decay 
the  vegetable  mould  is  continually  augmented,  and  thereby  the 
power  of  resisting  washing  is  still  more  increased  as  the  fertility 
of  the  soil  is  increased.  This  is  but  another  aspect  and  operation 
of  the  power  of  calcareous  manure  in  soils  to  fix  and  retain 
manures. 

The  tendency  of  some  very  sandy  soils  to  be  moved,  and  in  part 
blown  away,  by  high  winds,  is  also  produced  by  the  want  of  cohe- 
sion of  the  particles.  The  wind  operates  on  the  soil  in  its  dry 
state  in  the  same  way,  and  for  the  same  defect  of  its  constitution, 
as  does  water  in  rain  torrents.  The  same  remedy,  calcareous  ma- 
nure, is  even  more  effectual  to  prevent  the  wasting  operations  of 
wind  than  of  water.  The  absorbent  power  given  to  the  before 
loose  and  more  rapidly  drying  particles  of  sandy  soils  serves  to 
preserve  more  moisture  at  the  surface.  This  alone  would  tend 
much  to  prevent  the  moving  effect  of  the  wind,  which  can  take 
place  only  on  earth  nearly  or  quite  dry  and  pulverulent.  Further, 
both  directly  and  indirectly  (by  combining  the  organic  with  the 
earthy  parts),  the  calcareous  manure,  when  thoroughly  diffused, 
interposes  some  cohesive  particles  between  the  particles  of  sand. 

_  *  Con>ma(JDre.—Jolmston  speaks  of  organic  (or  putrescent)  matter  be- 
ing presented  to  the  action  of  lime  "in  the  state  of  chemical  comhination 
■with  earthy  substances— with  the  alumina,  for  example,  and  with  lime- and 
magnesia — already  existing  in  the  soil."  p.  402. 
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The  effect  in  practice  is  most  striking.  Fields  and  farms,  whicli 
before  were  noted  for  the  dense  and  enormous  clouds  Of  dust  pass- 
ing away  from  them  in  every  high  and  drying  wind,  become  free 
from  such  loss  in  a  short  time  after  being  marled  or  well  limed.*] 
'  The  effect  of  marling  will  be  much  lessened  by  the  soil  being 
kept  under  exhausting  cultivation.  Such  were  the  circumstances 
under  which  we  may  suppose  that  marl  was  tried  and  abandoned 
many  years  ago,  in  the  case  referred  to  in  page  114.  Proceeding 
upon  the  false  supposition  that  marl  was  to  enrich  by  direct  action, 
like  dung,  it  is  most  probable  that  it  was  applied  to  some  of  the 
poorest  and  most  exhausted  land,  for  the  purpose  of  giving  the 
manure  what  is  called  a  "  fair  trial."  The  disappointment  of  such 
ill-founded  expectations  was  a  sufficient  reason  for  the  experiment 
not  being  repeated,  or  being  scarcely  ever  referred  to  again,  unless 
as  evidence  of  the  worthlessness  of  marl.  Yet  with  proper  views 
of  the  action  of  this  manure,  this  experiment  might  at  first  have 
as  well  proved  the  early  efficacy  and  value  of  marl,  as  it  now  does 
its  durability.-]- 

When  acid  lands  are  e(jually  poor,  the  increase  of  the  first  crop 
from  marling  will  be  greater  on  sandy,  than  on  clay  soils ;  though 
the  latter,  by  heavier  dressings  and  longer  time,  may  ultimately 

*  I  have  heard  (but  do  not  know  from  my  own  personal  observation), 
that  the  well-known  and  valuable  farm  of  Lower  Wyanoke,  the  property  of 
the  late  Fielding  Lewis,  presented  a  remarkable  example  of  the  frequent 
loss  of  sou  by  winds,  before  the  liming,  and  of  the  cessation  afterwards. 

On  March  1st,  1850,  a  few  days  before  the  writing  of  these  lines,  I  saw 
from  the  eminence  on  whifli  my  present  dwelling  stands,  a  very  remarka- 
ble exhibition  of  this  conservative  power  of  marl.  The  night  before,  there 
had  fallen  a  heavy  shower ;  and  also  some  drizzle  after  day-break,  suc- 
ceeded by  bright  sunshine  and  a  furious  wind.  Though  the  rain-water  had 
stood  in  puddles  in  the  ruts  and  low  spots  of  hard  roads  in  the  morning, 
by  11  o'clock^,  m.,  dense  clouds  of  dust,  rising  as  high  as  the  tops  of  the 
forest  trees  on  the  higher  lands,  were  seen  driven  off  from  the  light  fields 
of  three  different  and  detached  neighbouring  farms,  and  which  had  not  been 
marled.  A  much  broader  space  of  surface,  intermediate  or  adjoining,  was 
also  in  view,  much  of  which  was  equally  sandy,  and  fully  as  much  exposed 
to  the  wind.  All  this  land  (exc^t  one  small  field,  which  was  both  stiff,  and 
low;-lying,  and  of  course  not  then  dry)  had  been  well  marled ;  and  from 
none  of  it  was  any  dust  seen  to  rise.  Of  the  several  thousand  acres  of 
arable  land  in  sight,  and  mostly  of  sandy  soil,  all  the  farms  and  fields  not 
marled  (and  not  of  clay  or  wet  soil)  might  have  been  designated  by  the 
clouds  of  dust  then  rising  and  passing  off  from  them. 

■j-  Confirmation. — "One  thing,  however,  must  be  borne  in  mind  by  those 
who,  in  adopting  .the  best  system  of  [s^iccessive]  liming,  do  not  wish  both 
to  injure  their  land  and  to  meet  with  ultimate  disappointment.  Organic 
matter — in  the  form  of  farm-yard  manure,  or  green  crops  ploughed  under, 
&c.  &o.,  must  be  abundantly  and  systematically  added,  if  at  the  end  of  20 
or  40  years  the  land  in  which  the  full  supply  of  lime  is  kept  up  is  to  retain 
its  original  fertility.  .  .  .  Otherwise  present  fertility  and  gain  will  be 
followed  ty  future  barrenness  and  loss."     Johnston's  Lectures,  p.  386. 
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become  the  best  land,  at  least  for  wheat  and  for  grass.*  The  more 
acid  the  growth  of  any  soil  is,  or  would  be,  if  suffered  to  remain, 
the  more  increase  of  crop  may  be  expected  from  marl;  which  is 
directly  the  reverse  of  the  effects  of  putrescent  manures.  The  in- 
crease of  the  first  crop  on  my  worn  acid  land,  I  have  never  known 
under  fifty  per  cent.,  and  more  often  it  is  as  much  as  one  hundred; 
and  the  improvement  continues  to  increase,  under  mild  tillage,  to 
three  or  four  times  the  original  product  of  the  land.  (See  Exp. 
11,  page  185,  and  Exp.  4  and  6.)  In  this,  and  other  general  state- 
ments of  effects,  I  suppose  the  land  to  bear  not  more  than  two 
grain  crops  in  four  years,  and  not  to  be  subjected  to  grazing  during 
the  other  two ;  and  that  a  sufficient  cover  of  marl  has  been  laid  on 
for  use,  and  not  enough  to  cause  disease.  It  is  true,  that  it  is 
difficult,  if  not  impossible,  to  fix  that  proper  medium,  varying  as  it 
may  on  every  change  of  soil,  of  cropping,  and  of  the  kind  of  marl. 
But  whatever  error  may  be  made  in  the  proportion  of  marl  applied, 
let  it  be  on  the  side  of  light  dressing  (except  where  putrescent 
manures  are  also  laid  on,  or  designed  to  be  laid  on  before  the  next 
course  of  crops  begins) ;  and  if  less  increase  of  crop  is  gained  to 
the  acre,  the  cost  and  labour  of  marling  will  be  lessened  in  a  still 
greater  proportion.  If,  when  tillage  has  served  to  mix  the  marl 
well  with  the  soil,  sorrel  should  still  show  to  any  extent,  it  will 
sufficiently  indicate  that  not  enough  marl  had  been  applied,  and 
that  it  may  be  added  to,  safely  and  profitably.  If  the  nature  of  the 
soil,  its  condition  and  treatment,  and  the  strength  of  the  marl,  all 
were  known,  it  would  be  easy  to  direct  the  amount  of  a  suitable 
dressing ;  but  without  knowing  these  circumstlances,  it  will  he 
safest  to  give  not  more  than  200  or  250  bushels  of  marl,  of  say  40 
per  cent,  to  the  acre  of  worn  acid  soils.  Twice  or  thrice  as  much 
might  be  given,  safely  and  profitably,  to  newly  cleared  wood-land, 
or  well  manured  land.  Or,  I  would  advise  that  the  first  dressing 
should  not  exceed  the  quantity  which  would  furnish  due  per  cent, 
of  carbonate  of  lime  to  the  soil,  for  its  ploughed  depth.  If  only 
3  inches  deep,  218  bushels  of  marl,  of  40  per  cent.,  would  furnish 
1  per  cent,  to  the  soil.  Besides  avoidijig  danger,  it  is  more  profita- 
ble to  marl  lightly  at  first  on  weak  lands.  If  a  farmer  can  carry 
out  only  ten  thousand  bushels  of  marl  in  a  year,  he  wiU  derive 
more  product,  and  confer  a  greater  amount  of  improvement,  by 
spreading  it  over  forty  acres  of  the  land  intended .  for  his  next 
crop,  than  on  twenty ;  though  the  increase  to  the  acre  would  pro- 
bably be  greatest  in  the  latter  case.  By  the  lighter  dressing,  the 
land  of  the  whole  farm  will  be  marled,  and  be  storing  up  vegetable 
matter  for  its  progressive  improvement,  in  half  the  time  that  it 
could  be  marled  at  double  the  rate. 


*  Confirmation. — "On  clay  lands  more  lime  is  necessary  than  on  light 
and  sandy  soils."    Johnston's  Lectures,  p.  382. 
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The  greater  part  of  the  calcareous  earth  applied  at  one  time 
cannot  begin  to  act  as  manure  before  several  years  have  passed, 
owing  to  the  coarse  state  of  many  of  the  shells,  and  the  want  or 
thoroughly  mixing  them  with  the  soil.  Therefore,  if  enough  marl 
is  applied  to  obtain  its  full  effect  on  the  first  course  of  crops,  there 
will  certainly  be  too  much  afterwards. 

Perhaps  the  greatest  profit  to  be  derived  from  marlingj  though 
not  the  most  apparent  in  the  first  few  years,  is  on  such  soils  as  are 
full  of  wasting  vegetable  matter.  Here  the  effect  is  mostly  pre- 
servative, and  the  benefit  and  profit  may  be  great,  even  though  the 
increase  of  crop  may  be  very  inconsiderable.  Putrescent  manure 
laid  on  any  acid  soil,  or  the  natural  vegetable  cover  of  those  newly 
cleared,  without  marl,  would  soon  be  lost,  and  the  crops  reduced  to 
one-half  or  less.  But  when  marl  is  previously  applied,  this  waste 
of  fertility  is  prevented ;  and  the  estimate  of  benefit  should  not 
only  include  the  actual  increase  of  _crop  caused  by  marling,  but  as 
much  more  as  the  amount  of  the  diminution  which  would  otherwise 
have  followed.  Every  intended  clearing  of  wood-land,  and  espe- 
cially of  those  under  a  second  growth  of  pines,  ought  to  be  marled 
before  cutting  down ;  and  it  will  be  still  better  if  it  can  be  done 
several  years  before.  If  the  application  is  delayed  until  the  new 
land  is  brought  under  cultivation,  though  much  putrescent  matter 
wUl  be  saved,  still  more  must  be  wasted.  By  using  marl  some 
years  before  obtaining  a  crop  from  it,  as  many  more  successive 
growths  of  leaves  will  be  converted  to  useful  manure,  and  fixed  in 
the  soil ;  and  the  increased  fertility  will  more  than  compensate  for 
the  delay.  By  such  an  operation,  the  farmer  makes  a  loan  to  the 
soil,  at  a  distant  time  for  payment,  but  on  ample  security,  and  at  a 
high  rate  of  compound  interest. 

Some  experienced  (though  certainly  not  land-improving)  culti- 
vators have  believed  that  the  most  profitable  way  to  manage  pine 
old  fields,  when  cleared  of  their  second  growth,  was  to  cultivate 
them  every  year,  until  worn  out — ^because,  as  they  said,  such  land 
would  not  last  much  longer,  no  matter  how  mildly  treated^  This 
opinion,  which  would  seem  at  first  so  absurd,  and  in  opposition  to 
all  the  received  rules  for  good  husbandry,  is  considerably  supported 
by  the  properties  which  are  here  ascribed  to  such  soils.  When 
these  lands  are  first  cut  down,  an  immense  quantity  of  vegetable 
matter  is  accumulated  on  the  surface,  which,  notwithstanding  its 
accompanying  acid  quality,  is  capable  of  making  two  or  three  crops 
nearly  as  good  as  the  land  was  ever  before  able  to  bring.  But  as 
the  soil  has  no  power  to  retain  this  vegetable  matter,  it  will  begin 
rapidly  to  decompose  and  waste,  as  soon  as  exposed  to  the  sun  ; 
and  will  be  lost,  except  so  much  as  is  caught,  while  escaping,  by 
the  roots  of  growing  crops.     The  previous  application  of  marl. 
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however,  would  make  it  profitable  in  these,  as  well  as  other  eases, 
to  adopt  a  mild  and  meliorating  course  of  tillage. 

Less  improvement  will  be  obtained  by  marling  worn  soils  of  the 
kind  called  "  free  light  land,"  than  other  acid  soils  which  originally 
produced  much  more  sparingly.  The  .early  productiveness  of  this 
kind  of  soil,  aM  its  rapid  exhaustion  by  cultivation,  at  first  view 
seem  to  contradict  the  opinion  that  durability  and  the  ease  of  im- 
proving by  putrescent  manures  are  proportioned  to  the  natural" 
fertility  of  the  soil.  But  a  full  consideration  of  the  circumstances 
will  show  that  no  such  contradiction  exists. 

In  defining  the  term  natural  fertility ,  it  was  stated  that  it  should 
not  be  measured  by  the  earliest  products  of  new  land,  which  might 
be  either  much  reduced,  or  increased,  by  temporary  causes.  The 
early  fertility  of  free  light  land  is  so  rapidly  destroyed,  as  to  take 
away  all  ground  for  considering  it  as  fixed  in,  and  belonging  to  the 
soil.  It  is  like  the  effect  of  dung  on  the  same  land  afterwards, 
which  throws  out  all  its  benefit  in  the -course  of  one  or  at  most  two 
years,  and  leaves  the  land  as  poor  as  before.  But  still  it  needs 
explanation  why  so  much  productiveness  can  at  first  be  exerted  by 
any  acid  soil,  as  in  those  described  in  the  14th  experiment.  The 
causes  may  be  found  in  the  following  statement.  These  soils,  and 
also  their  sub-soils,  are  principally  composed  of  coarse  sand,  which 
makes  them  of  more  open  texture  than  best  suits  pine,  and  (when 
rich  enough)  more  favourable  to  other  trees,  the  leaves  of  which 
have  no  natural  acid,  and  therefore  decompose  more  readily.  As 
fast  as  the  fallen  leaves  rot,  they  are  of  course  exposed  to  waste  j 
but  the  rains  convey  much  of  their  finer  parts  down  into  the  open 
soil,  where  the  less  degree  of  heat  retards  their  final  decomposition. 
Still  this  enriching  matter  is  liable  to  be  further  decomposed,  and 
to  final  waste  ;  but  though  continually  wasting,  it  is  also  continu- 
ally^ added  to  by  the  rotting  leaves  above.  The  shelter  of  the 
upper  coat  of  unrotted  leaves,  and  the  shade  of  the  trees,  cause 
the  firsj  as  well  as  the  last  stages  of  decomposition  to  proceed 
slowly,  and  to  favour  the  mechanical  process  of  the  products  being 
mixed  with  the  soil.  But  there  is  no  chemical  union  of  the  vege- 
table matter  with  the  soil.  When  the  land  is  cleared,  and  opened 
by  the  plough,  the  decomposition  of  all  the  accumulated  vegetable 
matter  is  hastened  by  the  increased  action  of  sun  and  air,  and  in 
a  short  time  everything  is  converted  to  food  for  plants.  This 
abundant  supply  sufiSces  to  produce  two  or  three  fine  crops.  But 
now,  the  most  fruitful  source^of  vegetable  matter  has  been  cut  off; 
and  the  soil  is  kejft  so  heated  (by  its  open  texture)  as  to  be  unable 
to  hold  enriching  matters,  even  if  they  were  furnished.  The  land 
soon  becomes  poor,  and  must  remain  so,  as  long  as  these  causes 
operate,  even  though  cultivated  under  the  mildest  rotation.  When 
the  transient  fertility  of  such  a  soil  is  gone,  its  acid  qualities 
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(which  were  before  concealed  in  some  measure  by  so  much  enrich- 
ing matter)  become  evident.  Sorrel  and  broom-grass  cover  the 
land,  and  if  allowed  to  stand,  pines  will  then  take  complete  pos- 
session, because  the  poverty  of  the  soil  leaves  them  no  rival  to 
,  contend  with. 

Marling  deepens  cultivated  sandy  soils,,  even  lower  than  the 
plough  may  have  penetrated.  This  was  an  unexpected  result,  and 
when  first  observed  seemed  scarcely  credible.  But  this  effect  also 
is  a  consequence  of  the  power  of  calcareous  earth  to  fix  manures. 
As  stated  in  the  foregoing  paragraph,  the  soluble  and  finely  divided 
particles  of  rotted  vegetable  matters  are  carried  by  the  rains  below 
the  soil ;  but  as  there  is  no  calcareous  earth  there  to  fix  them,  they 
must  again  rise  in  a  gaseous  form,  after  their  last  decomposition, 
unless  previously  taken  up  by  growing  plants ;  [or  descending  still 
lower  in  the  sub-soil,  dissolved  in  rain-water,  may  go  off  into  the 
sources  of  springs,  and  so  be  lost  to  the  land.]  But  after  the  soil 
is  marled,  calcareous  as  well  as  putrescent  matter  is  carried  down 
by  the  rains  as  far  as  the  soil  is  open  enough  for  it  to  pass.  This 
will  always  be  as  deep  as  the  ploughing  has  been,  and  somewhat 
deeper  in  loose  earth;  and  the  chemical  union  formed  between 
these  different  substances  serves  to  fix  both,  and  thus  increases  the 
depth  of  the  soil.  This  effect  is  very  different  from  the  deepening 
of  a  soil  by  letting  the  plough  run  into  the  barren  sub-soil.  If, 
by  this  mechanical  process,  a  soil  of  only  three  inches  is  increased 
to  six,  as  much  as  it  gains  in  depth,  it  loses  in  richness.  But  when 
a  marled  soil  is  deepened  gradually,  its  dark  colour  and  apparent 
richness  are  increased,  as  well  as  its  depth.  Formerly,  single-horse 
ploughs  were  used  to  break  all  my  acid  soils,  and  even  these  would 
often  turn  up  sub-soil.  The  average  depth  of  soil  on  old  land  did 
not  exceed  three  inches,  nor  two  on  the  newly  cleared.  Even  be- 
fore marling  was  commenced,  my  ploughing  had  generally  sunk 
into  the  sub-soil — and  since  1825,  most  of  this  originally  thin  soil 
has  required  three  mules,  or  two  good  horses  to  a  plough,  tij  break 
the  necessary  depth.  The  soil  is  now  from  six  to  eight  inches 
deep  generally,  from  the  joint  operation  of  marling  and  deepening 
the  ploughing  a  little  in  the  beginning  of  every  course  of  crops ; 
[and  to  that  depth,  or  very  nearly,  the  land  is  now  ploughed  when- 
ever preparing  for  corn,  or  for  wheat  on  clover.  The  summer 
ploughing  of  clover  land  requires  four  mules  to  a  plough. 

Since  marling  was  begun,  the  deepening  of  the  soil  has  much 
more  generally  preceded  than  followed  the  deepening  of  the  plough- 
ing. How  destructive  to  the  power  of  soil  this  present  depth  of 
ploughing  would  have  been,  without  marling,  may  be  inferred  from 
the  continued  decrease  of  the  crop,  through  four  successive  courses 
of  a  very  mild  rotation,  on  the  spot  kept  without  marl  in  experi- 
ment 10.  Yet  the  depth  of  ploughing  there  did  not  exceed  six 
15 
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inches,  and  depths  of  nine  and  even  twelve  inches  were  tried,  with- 
out iniuiT,  on  parts  of  the  adjacent  marled  land.— iS^iO.J 

FThis  remarkable  and  valuable  effect  of  marlmg,  in  deepening 
the  soil,  is  increased  in  action  by  the  sub-soil  being  mndy,  which 
is  commonly  deemed  the  worst  kind  of  sub-soil.  Land  haying  a 
clay  sub-soil,  which  is  known  in  common  parlance  as  land  with  a 
good  foundation,"  is  almost  universally  prized;  and  that  impervi- 
ous sub-soil  is  supposed  necessary  to  prevent  the  manure  and  the 
rains  from  sinking,  and  being  lost.  And  such,  indeed,  may  be 
among  the  disadvantages,  before  marling,  of  poor  land  having  a 
sandy  sub-soil.  But  not  so  after  marling.  While  the  open  texture 
of  such  a  sub-soil  permits  so  much  of  the  water  as  is  superfluous 
and  injurious  to  sink  and  disappear,  and  the  combined  manures  to 
sink  enough  to  deepen  the  soil  (by  converting  barren  sub-soil  to 
productive  soil),  the  attractive  force  of  the  calcareous  earth,  for  both 
putrescent  matter  and  moisture,  will  much  more  effectually  prevent 
either  from  being  lost  to  the  soil,  than  would  the  mechanical  ob- 
struction of  a  clay  sub-soil.  Great  as  are  the  objections  enter- 
tained by  most  farmers  to  sandy  sub-soils,  or  to  what  they  call 
"  land  without  any  foundation,"  I  would  decidedly  prefer  such  to 
lands  having  an  impervious  clay  sub-soil — supposing  both  to  be 
equally  barren.  The  subjects  of  all  my  experiments  stated  as 
made  on  acid  sandy  loams,  had  also  sub-soils  of  yellow  and  barren 
sand ;  and  on  such  lands  have  been  made  my  greatest  and  most 
profitable  improvements  by  marling.  However,  a  sub-soil  (and 
also  a  soil)  more  of  medium  texture,  would  no  doubt  have  been  as 
much  better  than  the  yery  sandy,  as  the  latter  was  better  than  the 
very  stiff  and  impervious  clay  sub-soils. — 1842.] 

[Besides  the  general  benefit  which  marling  causes  equally  to  all 
crops,  by  making  the  soils  they  grow  on  richer  and  more  productive, 
there  are  other  particular  benefits  which  affect  some  plants  more 
than  others.  For  example,  marling  serves  to  make  soils  warmer, 
and  thereby  hastens  the  ripening  of  every  crop,  more  than  would 
take  place  on  the  like  soils,  if  made  equally  productive  by  other 
than  calcareous  manures.*  This  quality  of  marled  land  is  highly 
important  to  cotton,  as  our  summers  are  not  long  enough  to  mature 
the  later  pods. 

Wheat  also  derives  especial  benefit  from  the  warmth  thus  added 
to  the  soil.  It  is  enaUed  better  to  withstand  the  severe  cold  of 
winter ;  and  even  the  short  time  by  which  its  ripening  is  forwarded 
by  marling,  serves  very  much  to  lessen  the  danger  of  that  crop 

^  Conjirmaiion, — ^^  Liming  hastens  Jhe  maturity  of  the  crop, — It  is  true  of 
all  our  cultivated  crops,  but  especially  those  of  corn  [wheat]  that  their 
growth  is  attained  more  speedily  when  the  land  is  limed,  and  that  they  are 
ready  for  the  harvest  from  10  to  14  days  earlier."  Johnston's  Lectures, 
p.  392. 
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from  rust,  the  most  frequent  and  destructive  of  all  its  diseases. 
This,  much  more  than  any  other  grain  crop,  seems  to  be  especially 
favoured  by  calcareous  earth  in  the  soil.  The  product  is  not  only 
always  much  increased,  but  other  accessatjj  effects  are  produced, 
for  want  of  which  on  the  lands  most  highly  manured,  but  still  defi-. 
cient  in  lime,  the  wheat  crop  is  made  feeble,  and  in  danger  of  great 
loss  or  destruction  from  dirferent  disasters.  Thus,  if  a  heavy 
growth  of  wheat  is  produced  by  putrescent  manures  only,  the  straw 
is  weak,  and  the  crop  is  almost  sure  to  be  laid  by  its  own  weight 
before  ripening,  even  without  stormy  weather,  and  is  very  much 
reduced  in  value.  On  limed  or  calcareous  land,  the  crop  is  far 
safer;  and  is  seldom  laid,  even  when  very  heavy,  unless  by  violent 
storms,  which  is  owing  to  the  greater  strength  of  the  straw.*  The 
opening  of  the  texture  of  close  clay  soils  by  the  operation  of  cal- 
careous manures,  by  permitting  the  better  percolation  of  surplus 
water,  serves  in  some  measure  as  drainage,  and  especially  enables 
wheat  better  to  withstand  the  always  redundant  wet  of  winter  on 
such  soils,  which  is  much  more  the  cause  of  "  winter-killed"  wheat, 
than  the  severity  of  cold,  or  alterations  of  temperature.  Wheat 
also  profits  by  the  absorbent  power  of  marled  land  (by  which  sands 
acquire,  to  some  extent,  th'e  best  qualities  of  clays),  though  less 
so  than  clover  and  other  grasses  that  flourish  best  in  a  moist 
climate. 

Indian  corn  does  not  need  more  time  for  maturing  than  our  sum- 
mers afford  (except  on  the  poorest  land),  and  can  sustain  much 
drought  without  injury,  and  therefore  is  less  aided  by  these  quali- 
ties of  marled  land.  Most  (if  not  aU)  the  different  plants  of  the 
leguminous  or  pod-bearing  tribe,  including  all  the  varieties  of  clo- 
ver, peas,  and  beans,  derived  such  peculiar  benefit  from  marling, 
that  it  indicated  some  peculiar  operation  on  these  plants.  What 
this  is,  has  recently  been  made  clear  by  the  researches  of  chemists. 
The  analyses  of  the  ashes  of  leguminous  plants  show  that  they 
contain  very  large  proportions  of  lime,  and  far  exceeding  those  of 
any  other  cultivated  plants.  Of  course,  they  need  a  larger  and 
ready  supply  of  lime  in  the  soil ;  and  they  profit  in  proportion  to 
their  wants,  by  such  supply  being  fltirnished. — 1845.] 

On  acid  soils,  without  heavy  manuring,  it  is  scarcely  possible  to 
raise  red  clover ;  and  even  with  every  aid  from  putrescent  manure, 
'  the  crop  will  be  both  uncertain  and  unprofitable.  The  recommenda- 
tion of  this  grass,  as  part  of  a  general  system  of  cultivation  and 
improvement,  by  the  author  of  '  Arator,'  is  sufficient  to  prove  that 
his  improvements  were  made  on  soils  far  better  than  such  as  are 
common.  Almost  every  zealous  cultivator  and  improver  (in  prospect) 
of  acid  soil  has  been  induced  to  attempt  clover  culture,  either  by 

*  This  effect  is  also  affirmed  by  Johnston,  p.  392. 
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the  recommendations  of  writers  on  this  grass,  or  by  the  success 
witnessed  on  better  constituted  soils  elsewhere.     The  utmost  that 
has  been  gained,  by  any  of  these  ijumerous  efforts,  has  been  some- 
times to  obtain  one,  oU^at  most  two  mowings,  of  middling  clover, 
on  some  very  rich  lot,  which  had  been  prepared  in  the  most  perfect 
manner  by  the  previous  cultivation  of  tobacco.     Even  in   such 
situations,  this  degree  of  success  could  only  be  obtained  by  the 
concurrence  of  the  most   favourable   seasons.     Severe   cold,  and 
sudden  alternations  of  temperature  in  winter  and  spring,  and  the 
spells  of  hot  and  dry  weather  which  we  usually  have  in  summer, 
were  alike  fatal  to  the  growth  of  clover,  on  so  unfriendly  a  soil. 
The  few  examples  of  partial  success  never  served  to-  pay  for  the 
more  frequent  failures  and  losses ;  and  a  few  years'  trial  would 
convince  the  most  ardent,  or  the  most  obstinate  advocate  for  the 
clover  husbandry,  that  its  introduction  on  the  ordinary  poor  soils 
of  lower  Virginia  was  absolutely  impossible ;  and  scarcely  practi- 
cable, even  partially,  on  such  lands  when  very  highly  manured. 
Still  the  general  failure  was,  by  common  consent,  attributed  to  any- 
thing but  the  true  cause.   '  There  was  always  some  reason  offered 
for  each  particular  failure,  sufficient  to  cause  it,  and  but  for  which 
(it  was  supposed)  a  crop  might  have  been  raised.     Either  the 
young  plants  were  killed  by  freezing  soon  after  first  springing  from 
the  seed — or  a  drought  occurred  when  the  crop  was  most  exposed 
to  the  sun,  by  reaping  the  sheltering  crop  of  wheat — or  native  and 
hardy  weeds,  aided  by  very  favourable  weather,  overran  the  crop ; 
and  all  such  disasters  were  supposed  to  be  increased  in  force,  and 
rendered  generally  fatal,  by  our  sandy  soil,  and  hot  and  dry  sum- 
mers.    But  after  the  true  evil,  the  acid  nature  of  the  soil,  is  re- 
moved by  marling,  clover  ceases  to  be  a  feeble  exotic.     If  with- 
standing the  early  dangers  of  frost  on  the  newly  sprouted  plants, 
and  of  drought  soon  after,  clover  is  then  naturalized  on  our  soil, 
and  is  able  to  contend  with  rival  plants,  and  to  uiidergo  every 
severity  and  change  of  season,  as  safely  as  our  crops  of  corn  and 
wheat — and  offers  to  our  acceptance  the  fruition  of  those  hopes  of 
profit  and  improvement  from  this  gtass,  with  which  previously  we 
had  only  been  deluded. 

After  much  waste  of  seed  and  labour,  and  years  of  disappointed 
efforts,  I  had  abandoned  clover  as  utterly  hopeless.  But  after 
marling  the  fields  on  which  the  raising  of  clover  had  been  vainly  • 
attempted,  there  arose  from  its  scattered  and  feeble  remains,  a 
growth  which  served  to  prove  that  its  cultivation  would  then  be 
safe  and  profitable.  It  has  since  been  gradually  extended  over  all 
the  fields.  It  will  stand  well,  and  maintain  a  healthy  growth  on 
the  poorest  marled  land ;  but  the  crop  is  too  scanty  for  mowing  or 
perhaps  for  profit  of  any  kind,  on  most  poor  sandy  soils,  unless 
aided  by  gypsum.     Newly  cleared  lands  yield  better  clover  than 
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the  old,  though  the  latter  may  produce  as  heavy  grain  crops.  The 
remarkable  crops  of  clover  raised  on  some  very  poor  clay  soils,  after 
marling,  have  been  already  described.  This  grass,  even  without 
gypsum,  and  still  more  if  aided  by  that  manure,  will  add  greatly 
to  the  improving  power  of  marl ;  but  it  may  do  as  much  harm  as 
service,  if  we  greedily  take  from  the  soil  all  of  the  supply  of 
putrescent  matter  which  it  aflfords.* 

Some  other  plants,  less  welcome  than  clover,  are  equally  favoured 
by  marling.  Unless  both  the  tillage  and  the  rotation  of  crops  be 
good,  greensward  (jpoa  pratends),  blue  grass  (jpoa  compressa), 
wire-grass  (cynodon  dactylon),  and  the  vetch,  or  partridge  pea 
(vicia  sativa),  will  soon  increase  so  as  to  be  not  less  impediments 
to  tillage,  or  to  the  grain  crops,  than  manifest  evidences  of  an 
entire  change  in  the  character  and  power  of  the  soil. 

[The  power  of  calcareous  manures  is  still  more  strongly  shown 
in  the  eradication  of  certain  plants,  as  has  been  before  incidentally 

[*  There  is  great  difficulty,  and  frequent  failure  of  securing  a  "  stand" 
of  the '  young  cloTer  plants,  even  when  the  subsequent  grcwth  of  those 
which  escape  early  destruction  is  ever  so  vigorous.  This  is  not  owing  to 
any  defect  of  soil  (after  calxing),  but  to  our  climate.  It  is  necessary  to 
sow  clover  seed  before  the  close  of  winter,  to  avoid,  by  its  early  growth, 
the  greater  evils  of  the  following  summer's  drought,  which  most  affects  the 
youngest  plants.  -  The  time  of  sowing  is  usually  not  later  than  February. 
It  almost  always  happens  that  a  succeeding  warm  spell  causes  most  of  the 
seeds  to  sprout,  f[,nd  then  a  severe  frost  kills  them,  while  in  their  most 
tender  state.  Sometimes,  the  whole  young  growth  is  thus  killed  by  late 
frosts.  The  danger  from  drought,  and  the  hot  sun,  after  reaping  the 
shading  cover  of  wheat,  is  scarcely  less  than  from  frosts  at  the  earlier 
period.  One  or  both  of  these  disasters  have  occurred  for  four  of  the  first 
five  seasons  for  my  sowing  clover  on  Marlboume ;  so  that  but  one  good 
"stand"  of  plants,  and  of  course  but  one  sufficiently  thick  crop  was  ob- 
tained. The  loss  was  the  greater,  because  no  clover  had  previously  been 
on  the  land,  and,  of  course,  there  was  no  volunteer  growth,  which  other- 
wise and  usually  fumishes'as  many  plants  as  the  new  seed.  Indeed,  after 
a  field  has  once  been  well  covered  with  clover,  and  the  ripe  seeds  ploughed 
under,  there  is  not  half  the  danger  at  any  time  afterwards  of  failing  to 
secure  a  stand  of  plants. 

But  a  greater  evil  has  been  found  than  this,-  since  the  publication  (in 
1842)  of  the  passages  above  reporting  so  favourably  of  the  growth  and 
hardiness  of  clover.  On  the  Coggins  farm,  and  elsewhere,  on  the  formerly 
add  soils  marled  more  than  twenty  years  ago,  the  clover  crops  have  recently 
been  much  more  apt  to  fail,  as  above,  and  are  much  inferior  in  product, 
even  when  not  failing  to  stand,  than  previously ;  and  this  where  the  land 
certainly  has  not  lost  anything  of  its  richness,  and  where  other  crops  than 
clover  show  no  diminution.  It  is  not  certain  whether  this  change  is  owingi 
to  the  land  being  "clover-sick,"  (a  common  result  in  England,  but  not 
known  here,  before),  or  that  the  acid  of  the  soil  (or  sub-soil)  is  increasing 
and  overbalancing  the  quantity  and  effects  of  the  calcareous  earth.  Some 
facts  sustain  this  latter  supposition.  Bemarlings,  at  lighter  than  the  earlier 
rate,  have  been  found,  in  some  cases,  to  restore  the  before  reduced  power 
of  the  land  to  produce  clover. — 1849.] 
15* 
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mentioned.  Sorrel  (rumex  acetocella)  is  the  most  plentiful  and 
injurious  weed  on  the  cultivated  acid  soils  of  lower  Virginia ;  an 
unmixed  growth  of  poverty  grass  (aristida  gracilis)  is  spread  over 
all  such  lands,  a  year  after  being  left  at  rest ;  at  a  somewhat  later 
time  broom-grass  {andropogon)  of  different  kinds  covers  them 
completely ;  and  if  suffered  to  remain  unbroken  a  few  years  longer, 
a  thick  growth  of  young  pines  will  succeed.  But  as  soon  as  such 
land  is  sufficiently  and  properly  marled,  there  remains  no  longer 
the  peculiar  disposition  or  even  power  of  the  ^oil  to  produce  these 
plants.  Sorrel  is  totally  removed,  and  poverty  grass  no  more  is  to 
be  found,  where  both  in  their  turn  before  had  entire  possession. 
The  appearance  of  a  single  tuft  of  either  of  these  plants  is  enough 
to  prove  that  the  acid  quality  of  the  soil  on  that  spot  still  remains, 
and  that  either  more  marl,  or  more  complete  intermixture,  is  still 
wanting.  Thus,  the  presence  of  either  of  these  plants  is  the  most 
unerring  as  well  as  most  convenient  and  ready  indication  of  a  soil 
wanting  calcareous  manure.  The  most  laborious  analyses,  by  the 
most  able  chemists,  directed  to  ascertain  the  different  characters 
of  soils  in  this  respect,  are  not  to  be  compared  for  accuracy  to  the 
tests  furnished  by  either  the  appearance  or  total  absence  of  sorrel 
or  poverty  grass.  In  regard  to  broom-grass  and  pines,  the  change 
is  not  so  sudden,  or  complete ;  but  still  the  soil  will  have  been 
made  manifestly  unfriendly  to  both.  Some  striking  apparent  ex- 
ceptions to  these  rules  have  caused  some  persons  to  doubt  of  their 
correctness,  when  full  examination  of  the  circumstances  would 
have  confirmed  my  positions.  I  have  known  a  mere  top-dressing 
of  marl,  left  for  some  years  on  a  worn-out  old  field,  to  eradicate 
the  before  general  growth  of  broom-grass,  and  substitute  a  cover 
of  annual  weeds.  Yet  on  other  tillage  land,  after  marling  and  one 
crop  of  wheat  on  fallow,  I  have  seen  the  growth  of  broom-grass 
return,  and  seemingly  with  greater  than  lis  former  vigour.  But 
this  return  and  vigour  were  but  temporary,  and  the  land  is  now 
comparatively  free  from  this  injurious  weed.  When  soil,  already 
filled  with  its  seeds,  is  very  imperfectly  mixed  with  marl  by  plough- 
ing, there  is  nothing  to  prevent  the  broom-grass  springing  from  all 
the  spots  not  touched  by  the  marl,  whether  these  spots  be  above 
or  below  or  between  unmixed  masses  of  marl.  And  the  growth 
being  thin  and  scattered,  and  not  covering  the  surface  completely 
as  formerly,  will  cause  the  separate  tufts  of  broom-grass  to  be 
much  more  luxuriant,  and  greater  impediments  to  tillage,  than 
previously.  But  the  next  course  of  tillage  will  serve  to  mix  the 
marl  and  soil  completely,  and  remove  all  this  appearance  of  marl 
being  favourable,  instead  of  destructive  to  broom-grass.  Sorrel 
may  often  be  seen  growing  out  of  the  heaps  of  pure  marl,  dropped 
from  the  carts  on  acid  land,  and  the  heaps  left  thus,  unspread 
through  a  summer.    But  this  apparent  and  very  striking  exception 
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may  be  fully  explained.  The  heaps  of  marl,  thus  left,  had  not  aa 
yet  by  any  intermixture  affected  the  original  composition  of  the 
soil  below ;  and  the  seeds  or  roots  of  sorrel  therein  were  therefore 
free  to^ spring. and  grow;  and  the  great  hardiness  and  remarkable 
vital  power  of  that  plant  enabled  it  to  rise  through  the  (to  it)  dead 
matter  and  great  obstruction  of  several  inches  thickness  of  pure 
marl  above.  On  examining  the  roots  of  sorrel  thus  growing  out 
of  marl,  it  will  be  seen  clearly,  and  invariably,  that  they  drew  all 
their  support  from  the  still  acid  soil  below,  and  merely  passed 
through  the  marl,  without  drawing  anything  therefrom.*] 


CHAPTEE  XX. 

DIRECTIONS   FOR  THE   USE  OF  MARL  IN  CONNEXION  WITH   OTHER 
FARMING  OPERATIONS. 

Proposition  5 — continued. 

From  the  foregoing  reasoning  and  statements,  j;he  general  course 
most  proper  to  pursue  in  using  calcareous  manures,  and  for  cultiva- 
tion in  connexion  with  them,  may  be  well  enough  deduced.  But 
as  I  have  found  that,  notwithstanding  all  such  aids,  many  persons 
still  require  and  apply  for  more  special  directions  to  guide  their 
operations,  the  following  suggestions  and  remarks  will  be  offered, 
at  the  risk  of  their  being  deemed  superfluous.  These  directions, 
like  all  the  foregoing  reasoning,  may  apply  generally,  if  not  en- 
tirely, to  the  use  of  all  kinds  of  calcareous  manures,  and  to  soils 
of  every  region.  But  to  avoid  too  wide  a  range,  I  shall  consider 
them  as  applying  more  especially  to  the  lands  of  the  tide-water 
region ;  and  as  addressed  to  farmers  who  have  just  begun  the  im- 
provement of  such  lands,  by  means  of  the  fossU  shells  or  marl  of 
the  same  region. 

Many  persons,  at  first,  attach  much  importance  to  some  of  the 
conditions  of  marling  which  I  deem  scarcely  worth  consideration. 
Numerous  inquiries  have  been  addressed  to  me  for  the.  purpose  of 

*  In  England  the  effect  of  lime  in  preventing  the  growth  of  sour  plants 
is  stated  by  Johnston,  though  most  of  the  plants  are  different  from  ours 
of  that  character.  Elsewhere  he  speaks  doubtfully,  and  upon  report  only, 
of  calcareous  manure  eradicating  sorrel.  He*  says,  liming  ■  ■  kills  heath, 
moss,  and  sour  and  benty  (agrostk)  grasses,  and  brings  up  a  sweet  herbage, 
mixed  with  red  and  white  clovers."  "  All  fodder,  whether  natural  or  arti- 
ficial, is  said  to  be  sounder  and  more  nourishing  when  grown  upon  land  to 
which  lime  has  been  applied  abundantly.  On  benty  grass  the  richest 
animal  manure  often  produces  little  improvement,  until  a  dressing  of  lime 
has  been  laid  on."  p.  391. 


176  PROPER  PROCEDTJEE   OF  BEGINNERS. 

learning,  in  the  case  of  each  particular  applicant  for  directions,  at 
■what  time  and  in  what  manner  to  apply  marl,  and  which  of  different 
kinds  of  marl  to  prefer  for  different  soils.  There  would  be  but 
small  danger  of  misleading  any  one,  if  to  all  such  inquiries  this 
one  general  answer  were  given  :  "  Put  on  the  most  accessible  marl, 
over  as  much  land  as  possible,  and  speedily,  without  regard  to  any 
attendant  circumstances  whatever."  If  the  soil  requires  marling 
(and  there  are  scarcely  any  exceptions  in  lower  Virginia),  and  the 
available  bed  is  truly  and  sufficiently  calcareous,  there  can  be  no 
important  error  made  in  applying  it,  except  by  too  heavy  dressings, 
or  by  very  unequal  spreading.  If  merely  avoiding  these  two 
errors,  I  should  deem  that  procedure  the  best  by  which  the  new 
beginner  can  put  on  his  fieldsthe  greatest  quantity  of  calcareous 
earth  in  the  shortest  time. 

But  though  comparatively  of  little  importance,  still  there  are 
advantages  and  disadvantages  to  be  found  in  the  circumstances  to 
which  so  much  undue  importance  has  been  attached.  These  I  will 
proceed  to  remark  upon. 

To  marl  extensively  or  economically,  it  is  essential  (as  has  been 
before  stated)  to  devote  to  this  business  a  certain  labouring  force, 
either  for  the  whole  year,  or  for  such  certain  parts  of  the  year  as 
may  be  deemed  more  proper ;  and  for  the  time  this  force  shall  be 
so  directed,  the  proprietor  must  not  allow  the  labour  to  be  diverted 
to  any  other  object.  If  he  draws  upon  the  marling  force  whenever 
he  or  his  overseer  thinks  the  labour  is  needed  to  forward  other  farm 
operations,  it  will  soon  be  found  that  the  marling  will  be  generally 
suspended ;  and  yet,  in  aU  probability,  the  other  labours  be  not  the 
better  periformed  because  of  this  always  ready  resource  for  extra 
aid. 

Then  supposing  that  the  marling  is  going  on  throughout  the 
year,  or  through  different  designated  portions  of  the  year,  it  is 
obvious  that  the  marl  cannot  be  always  applied  to  any  one  condition 
of  the  land.  In  the  beginning,  the  new  marler  should  aim  to  cover 
as  much  land  as  possible  for  his  next  corn  or  other  tillage  crop. 
After  that  crop  shall  have  been  planted,  the  marling  can  proceed 
no  further  on  that  field  ;  and  the  operation  will  be  then  commenced 
on  the  field  for  corn  tillage  the  following  year.  It  is  much  better 
that  marling  should  be  followed  first  by  some  tilled  crop ;  so  that 
the  different  ploughings  and  harrowings  shall  well  mix  the  marl 
and  soil  throughout,  to  the  depth  of  the  ploughing.  This  mixing 
is  best  and  most  certainly  effected,  when  the  marl  has  been  spread 
over  the  ploughed  surface.  The  subsequent  shallow  tillage,  by 
small  ploughs,  cultivators,  harrows,  and  hand-hoes,  at  every  move- 
ment continually  stirs  and  mixes  the  marl  with  the  soil. 

But  if  the  subsequent  tillage  processes  should  be  such  as  to 
effect  the  object  of  mixing  the  marl  and  soil  intimately,  I  would 
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prefer  spreading  the  marl  before  ploughing,  on  the  vegetahle  cover 
of  the  land.  When  thus  placed  in  contact  with  the  putrescent 
matter,  it  has  seemed  to  me  that  the  marl  acted  more  speedily  and 
better.  But,  if  marl  be  thus  applied  on  the  grass  and  ploughed 
under,  the  first  ploughing  should  not  be  deeper  than  will  be  at 
least  one  thorough  ploughing  for  the  subsequent  tillage  of  the  first 
crop.  Otherwise,  the  marl  will  not  be  mixed  with  the  soil  above, 
and  will  remain  unchanged  and  inert  in  the  masses,  whether  soft 
and  loose,  or  lumpy,  as  turned  under  by  the  plough.  In  such 
cases,  the  marl  can  have  but  little  effect,  until  brought  up  again  by 
as  deep  a  ploughing,  perhaps  some  years  after. 

Each  of  these  modes  of  applying  marl  then  has  different  ad- 
vantages; and  may  have  also  disadvantages,  if  they  be  not 
guarded  against.  But  in  either  mode,  by  proper  care,  the  important 
condition  of  sufficient  mixture  of  the  marl  and  soil  may  be  secured. 
When  marl  must  be  ploughed  under  (for  a  corn  crop),  it  is  import- 
ant that  the  first  ploughing  should  be  as  shallow  as  consistent  with 
good  culture,  and  that  the  tillage,  in  part,  shall  be  fully  as  deep. 
If  it  be  preferred  to  spread  marl  on  the  ploughed  surface,  that 
may  be  done,  for  the  greater  part  of  the  land,  even  after  dropping 
the  marl,  throughout  the  previous  summer,  on  the  grassy  surface. 
For  this  purpose,  the  marl  heaps  must  be  dropped  accurately  along 
the  middles  of  beds,  if  the  land  was  then  in  beds  designed  to 
be  reversed;  or  along  parallel  lines,  marked  by  the  plough,  if 
not  in  beds.  The  spreading  must  be  postponed  until  after  the  in- 
tervals of  land  between  the  rows  of  marl  shall  have  been  ploughed 
for  the  next  crop,  leaving  merely  the  narrow  strips  on  which  the 
heaps  lie.  In  this  manner,  from  two-thirds  to  three-fourths  of  the 
whole  surface  is  ploughed  before  the  spreading  of  the  marl.  This 
is  next  done,  over  the  whole  surface,  after  which  the  before  omitted 
strips  are  ploughed.  , 

After  the  first  year,  generall^^  the  farmer  may  be  able  to  marl 
fast  enough  to  keep  ahead  of  his  cultivation ;  and  even  should  he 
(to  effect  that  end)  reduce  the  extent  of  his  previous  tillage  one- 
half,  it  will  be  best  for  him  not  to  put  an  acre  under  crop  which 
has  not  been  first  marled.  Fifty  acres  can,  in  most  cases,  be  both 
marled  and  tilled  at  least  as  cheaply  as  one  hundred  can  be  tilled 
without  marling ;  and  the  fifty  with  marl  will  usually  (if  on  soil 
before  acid),  produce  as  much  in  the  first  course  of  crops  as  the 
hundred  without,  and  much  more  afterwards. 

The  most  important  auxiliary  to  marl,  is  to  supply  vegetable 
matter  (or  any  putrescent  matter)  to  the  land.  The  cheapest  and 
most  eificient  means,  and  especially  for  poor  lands  having  no  foreign 
sources  of  supply,  will  be  found  in  the  non-grazing  system,  by 
which  the  land,  when  not  vinder  cultivation,  manures  itself,  by  the 
growth,  and  death,  and  decay  of  its  own  weeds  and  gi-ass.     Poor 
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and  scanty  as  may  be  such  products  and  such  manuring  of  poor 
lands,  they  very  much  exceed  any  substituted  supplies ;  and  more- 
over cost  nothing.* 

That  rotation  of  crops  which  gives  most  vegetable  matter  to  the 
soil,  is  best  to  aid  the  effects  of  marl  recently  applied.  The  four- 
shift  rotation  is  convenient  in  this  respect,  because  two  or  three 
years  of  rest  may  be  given  in  each  course  of  the  rotation  at  first, 
upon  the  poorest  land ;  and  the  number  of  exhausting  crops  may 
be  increased,  first  to  twOj  then  to  three  in  the  rotation,  as  the  soil 
advances  to  higher  states  of  productiveness.  But  it  is  only  while 
land  is  poor  that  I  would  advise  the  four-shift  rotation,  with  as 
much  as  two  years  rest  in  the  course ;  or  the  entire  exclusion  of 
grazing  under  any  rotation.  Both  tend  to  make  the  fields  foul  with 
both  weeds  and  insects ;  and  when  the  land  has  been  under  such 
treatment  for  some  8  or  10  years,  and  has  been  made  richer  as  well 
as  fouler  thereby,  it  will  be  expedient  to  graze  moderately  and 
judiciously,  and  to  adopt  a  different  and  better  rotation. 

After  marling,  clover  should  be  sown,  and  gypsum  on  the  clover. 
On  poor,  though  marled  land,  of  course  only  a  poor  growth  of 
clover  can  be  expected ;  but  wherever  other  manures  are  given, 
and  especially  if  gypsum  is  found  to  act  well,  the  crop  of  clover 
becomes  a  most  important  aid  to  the  improvement  by  marling. 

*  If  there  is  one  of  the  requisitions  or  accompaniments  of  marling 
more  insisted  on  than  all  others — and  both  by  my  theoretical  views  and 
practical  instructions — in  all  my  writing  on  this  subject — it  is  the  necessity 
for  providing  organic  (or  putrescent)  manure  for  all  land  in  full  proportion 
to  the  calcareous  earth  supplied.  Without  this  being  done,  not  only  will 
the  early  effects  of  the  calxing  be  small,  but,  in  the  end,  the  land  will  be 
more  completely  exhausted  of  its  actual  organic  ingredient,  and  conse- 
quently and  ultimately  of  its  fertility,  than  if  it  had  not  been  calxed.  It 
is  not  necessary,  howeyer,  that  all  the  required  organic  manure  shall  be 
furnished  from  the  stable  and  stock-pens — or  shall  even  be  what  is  ordina- 
rily termed  manure.  As  much  of  tftis  as  may  be  available  should  be  ob- 
tained from  these  sources.  But  a  much  larger  supply,  and  far  more 
cheaply,  will  be  furnished  by  the  fields  themselves,  in  their  vegetable 
cover,  whether  of  clover  or  weeds,  suffered  to  grow  and  to  die  and  rot  on 
•or  under  the  soil.  This  is  the  natural  and  the  greatest  source  of  supply 
-of  organic  manure  to  the  calxing  farmer — and  which  he  can  increase  to 
any  desired  extent,  by  merely  giving  more-time  for  the  land  to  rest  from 
•tillage,  and  to  produce  more  of  alimentary  or  manuring  growths. 

But  as  often  and  as  strongly  as  I  have  urged  the  indispensable  necessity 
for  this  course,  scarcely  any  of  my  disciples  have  obeyed  the  injunction 
fully  and  properly.  Nine  out  of  ten  of  all  the  farmers  who  have  used 
marl,  and  to  great  profit,  still  have  drawn  too  heavily  from  their  land,  and 
are  lessening,  instead  of  continuing  to  increase,  the  fund  of  productive 
power  in  the  soil,  which  calxing  had  made  active.  But  with  this  important 
truth  they  cannot  be  impressed.  They  cannot  be  persuaded  that  they  are 
operating  to  exhaust  their  fields,  while  they  still  continue  to  derive  from 
them  crops  three-fold  greater  than  formerly  could  be  grown. 
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Without  clover,  and  without  returning  the  greater  part  of  the  early 
product  to  the  soil,  the  greatest  value  of  marling  will  not  be  seen. 
A  small  proportion  of  the  clover  may  be  used  for  mowing  and 
grazing ;  and  in  a  few  years  even  this  small  share  will  far  exceed 
all  the  grass  that  the  fields  furnished  before  marling  and  the  limit- 
ation of  grazing.  This  limitation,  which  is  at  first  objected  to  as 
lessening  the  food  of  grazing  stock,  and  their  products,  within  a 
few  years  becomes  the  source  of  a  far  more  abundant  supply  of 
both. 

During  the  first  few  years  of  marling,  but  little  attention  can 
(or  indeed  ought  to)  be  given  to  making  putrescent  manures,  be- 
cause the  soil  much  more  needs  calcareous  manure ;  and  three  or 
four  acres  may  generally  be  supplied  with  the  latter,  as  cheaply  as 
one  with  the  former.  But  putrescent  manures  cannot  anywhere  be 
used  to  so  much  advantage  as  upon  land  after  being  made  calcare- 
ous J  and  no  fanner  can  make  and  apply  vegetable  matter  as  ma- 
nure to  greater  profit  than  he  who  has  marled  his  poor  fields,  and 
can  then  withdraw  his  labour  from  applying  the  more  to  the  less 
valuable  manure.  After  the  farm  has  been  marled  over  at  the 
light  rate  recommended  at  first  (say  200  to  300  bushels),  every 
effort  should  be  made  to  accumulate  and  apply  vegetable  manures; 
and  with  their  gradual  extension  over  the  fields,  a  second  applica- 
tion of  marl  may  be  made,  making  the  whole  quantity,  in  both  the 
first  and  second  marling,  500  or  600  bushels  to  the  acre,  or  even 
more ;  which  quantity  might  have  been  hurtful  if  given  at  first, 
but  which  will  now  be  not  only  harmless,  but  necessary  to  fix  and 
retain  so  much  putrescent  and  nutritive  matter  in  the  soil. 

The  above  injunction,  that  "  every  effort  should  be  made  to  ap- 
cumulate  and  apply  vegetable  manures,"  should  not  be  limited,  as 
most  new  improvers  would  be  apt  to  do,  to  the  mere  economical  use 
of  the  vegetable  materials  for  manure  furnished  by  the  crops,  and 
those  only  as  prepared  by  being  first  used  as  litter  for  animals. 
Not  only  these,  but  every  other  vegetable  and  putrescent  material 
that  is  accessible  should  be  saved  and  applied,  and  even  without 
any  intermediate  process  of  preparation,  and  at  any  time  of  the 
year,  and  state  of  the  fields,  provided  no  growing  or  commencing 
crop  be  thereby  molested.  Surplus  straw,  not  needed  for  food  or 
litter,  is  most  valuable  and  cheaply  applied  as  top-dressing  to  clover 
or  other  grass;  though  it  is  an  inconvenient  and  troubleso-me  ma- 
nure if  soon  after  to  'be  ploughed  under.  Leaves  from  the  woods 
of  the  farm  may  be  used  most  profitably  in  the  same  manner,  to 
the  full  extent  of  the  resources  offered.  And  though  the  manuring 
operations  on  the  Coggins  Point  farm  have  not  yet  been  extended 
beyond  the  last-named  putrescent  material  (and  of  that,  not  to 
much  extent),  it  is  believed  that  other  and  abundant  sources  yet 
remain  untried  and  unproductive  on  that  and  most  other  farms,  and 


180  BESOtJRCES  FOR  OEGANIO   MANURES. 

to  use  which  would  be  but  a  waste  of  labour  or  money,  if  in  ad- 
vance of  marling.  Among  the  most  abundant  of  such  materials, 
may  be  mentioned  marsh  grasses  and  marsh  or  pond  mud,  espe- 
cially if  used  in  compost;  and  also  the  purchase  of  rich  alimentary 
manures  from  towns,  to  be  carried  by  land  or  by  water  carriage  to 
much  greater  distances  than  has  yet  been  done,  or  can  be  afforded 
to  be  done,  on  other  lands.  Even  saw-dust  and  spent  tanner's 
bark,  which,  because  of  their  insolubility,  are  generally  deemed  of 
no  value  as  manures,  would  form  important  and  valuable  materials 
for  fertilization,  in  situations  where  they  can  be  obtained  cheaply 
and  in  great  quantity.  Mixing  these  or  other  insoluble  vegetable 
substances  with  rich  putrescent  matters,  and  still  more  if  with 
some  alkaline  matter  also,  would  render  them  soluble,  and  convert 
them  to  food  for  plants.  These  inert  substances  would  be  most 
profitably  used  as  litter  for  stables  and  cattle  pens  in  summer,  when 
the  ordinary  more  decomposable  materials  are  too  quickly  rotted, 
and  subject  to  great  loss  thereby. 

But  putting  aside  the  consideration  of  all  such  unusual  or  un- 
tried resources  and  operations  for  additional  fertilization,  and  limit- 
ing the  present  view  merely  to  the  ordinary  materials  furnished  by 
the  fields  of  every  farm,  the  progress  and  profit  of  improvement 
by  such  means  only,  after  marling,  will  be  greater  than  will  be  at 
first  believed  by  most  cultivators  of  acid  soils,  not  yet  marled  or 
limed.  If,  on  such  soils,  the  general  course  above  advised  be  pur- 
sued (and  using  merely  the  resources  of  the  farm  after  m.arling), 
the  products  of  crops  on  all  the  marled  land  usually  will  be  doubled 
in  the  first  course  of  the  rotation — often  in  the  first  crop  immedi- 
ately following  the  marling;  and  the  original  product  may  be 
expected  to  be  tripled  by  the  third  return  of  the  rotation.  And 
thia  may  be  from  merely  applying  marl  in  sufficient  (and  not  ex- 
cessive) quantities,  and  giving  the  land  two  years'  rest  in  four 
without  grazing.  But  on  the  parts  having  the  aid  of  farm-yard 
and  other  putrescent  manures,  and  of  clover,  still  greater  returns 
may  he  obtained. 


CHAPTER  XXI. 

ACTTJAL  IMPROVEMENTS  AND  RESULTS  OP  MARLING.      PECULIAR 
VALUE  OS  SANDY  SOILS. 

Proposition  5 — continued. 

When  such  promises  of  improvement  and  of  profit  from  marling 
are  stated  as  in  the  preceding  chapter,  there  will  naturally  occur  to 
the  mind  of  every  inexperienced  reader  the  questions,  "  Has  the 
writer  himself  met  with  so  much  success — and  what  have  been  the 
actual  results  of  his  labours  in  the  mode  of  improvement  which  he 
so  strongly  recommends  ?"  From  these  questions  the  writer  has 
no  excuse  for  shrinking ;  though  to  answer  them  there  must  neces- 
sarily be  obtruded  much  egotism,  and  references  made  to  many 
trivial  details,  which  are  certainly  not  worth  being  offered  to  public 
notice,  except  as  explanatory  and  in  support  of  the  more  general 
and  important  facts  asserted  in  this  essay. 

In  answer,  then,  to  these  supposed  questions,  I  have  to  admit 
that,  in  my  earlier  marling  labours,  the  progress  of  fertilization 
was  not  so  rapid,  in  general,  and  the  average  profits  therefrom  not 
so  great,  as  might  be  expected  from  the  general  views  and  antici- 
pations stated  in  the  last  preceding  chapter ;  though,  more  recently, 
the  benefits  have  been  much  greater,  and  full  as  profitable  as  were 
anticipated,  or  could  be  counted  upon,  from  the  foregoing  views 
applied  to  the  existing  circumstances  of  the  lands  under  the  opera- 
tions. Among  the  Sufficient  causes  of  the  stated  slower  improve- 
ment, and  lower  profits  of  my  earlier  labours,  were  the  following : 

1st.  The  greater  part  of  my  land,  on  the  Coggins  Point  farm  in 
Prince  George  county,  was  not  of  either  such  surface  or  soil  as  is 
adapted  for  the  greatest  improvement  by  calxing :  some  having 
been  naturally  calcareous,  and  therefore  not  needing  marl ;  and  a 
large  part  of  the  farm,  where  hilly  or  even  of  undulating  surface, 
having  lost  more  or  less  of  its  soil — and  on  very  many  slopes,  all 
the  soil — by  the  washing  rains  acting  on  had  tillage. 
-  2d.  Having  at  first  everything  to  learn  in  regard  to  the  practice, 
and  to  prove  by  actual  trial,  without  any  light  from  either  expe- 
rience, or  the  prior  or  cotemporary  operations  of  other  farmers, 
much  of  my  labour  was  lost  uselessly  in  wrong  procedures,  or  was 
worse  spent  in  excessive  applications  of  marl,  which  subsequently 
proved  to  be  injurious. 

3d.  The  fitness  given  to  the  before  acid  soil,  by  marling,  to  pro- 
duce clover,  was  not  found  out,  until  several  years  after  that  best 
auxiliarv  to  the  first  improvement  ouglit  to  have  been  in  full  use. 
16  (181) 
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4th.  Because  of  the  want  of  enough  labour  to  use  properly  both 
calcareous  and  putrescent  manures,  the  collecting  and  applying  of 
the  latter  were  greatly  neglected  as  long  as  there  was  full  employ- 
ment in  and  need  for  marling, 

5th.  The  adoption  of  cotton  culture,  for  five  years,  occupied  for 
that  crop  and  for  that  time  the  best  land  of  the  farm,  and  some- 
times the  whole  of  the  very  good  land,  and  took  all  the  prepared 
putrescent  manure,  to  the  great  diminution  of  other  crops;  while 
this  culture  caused  (by  its  clean  and  continual  tillage)  more  wast- 
ing of  soil,  and  more  detriment  to  general  fertilization,  than  grain 
and  clover  husbandry. 

6th.  The  general  bad  practical  management,  and  want  of  economy 
in  details,  which,  I  have  to  confess,  have  attended  all  my  business, 
and  throughout  my  life,  of  course  injuriously  aifected  this  import-, 
ant  branch  of  my  farming ;  though  in  a  less  degree,  because  it  was, 
as  much  as  possible,  kept  under  my  personal  and  close  attention. 

7th.  In  1827,  my  residence  was  removed  from  my  farm,  and  my 
personal  attention  much  decreased ;  and  some  years  later  was  en- 
tirely withdrawn. 

To  what  extent  all  these  drawbacks  to  full  success  operated,  as 
well  as  the  actual  degree  of  success  achieved,  may  be  inferred  from 
the  tabular  statement  of  the  crops  made,  both  before  and  since 
marling,  and  from  1813  to  1851.  The  much  greater  increase  of 
production  obtained  in  later  years  on  the  Coggins  Point  farm  was 
mainly  owing  to  the  adoption  of  a  better  rotation  of  crops,  includ- 
ing clover-fallow  for  wheat,  and  to  the  residence,  and  personal  and 
judicious  direction  of  my  eldest  son,  who  since  the  beginning  of 
1839  has  been  the  occupant  of  the  farm  (and  more  lately  the  sole 
proprietor),  and,  throughout  this  time,  the  sole  director  of  its  cul- 
tivation and  general  management.  Until  this  change  of  direction 
occurred,  the  actual  measure  of  productive  power  in  the  land, 
which  had  been  created  by  the  marling,  was  not  known.  A  large 
share  of  this  power,  before  dormant  and  concealed,  was  now  brought 
for  the  first  time  into  action,  and  made  apparent.  The  like  condi- 
tions of  residence,  attentive  supervision,  and  a  better  system  of 
rotation,  in  my  own  case,  also  greatly  hastened  and  increased  the 
success  of  my  later  marling  labours  (resumed  after  along  diversion 
of  my  efforts  to  different  objects),  m  a  new  locality,  and  under 
very  difficult  and  also  very  different  circumstances  from  those  of 
myearlier  farming.  These  recent  labours,  and  the  results,  will 
again  be  brought  forward. 

The  following  general  statement  of  the  then  condition  of  the 
farm  was  published  in  1842.  The  still  later  and  much  greater 
productiveness  will  appear  in  the  annexed  table  of  crops,  which 
will  be  now  extended  so  as  to  include  the  latest  obtained. 

The  many  and   extensive  old    galled  parts  of    sloping  land, 
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iFherever  dressed  with  marl,  and  even  without  the  further  help  of 
jarn-yard  manure,  are  now  nearly  all  skinned  over  by  a  newly 
ibrmed  soil ;  and  though  such  soil  is  still  both  poor  and  thin,  and 
may  yet  long  remain  so,  the  whole  of  its  present  productive,  power 
is  :due  to  marling ;  as  such  galled  land  was  before  naked,  entirely 
barren,  and  irreclaimable  by  other  manures.  Where  much  or  rich 
putrescent  matter  has  been  also  applied  to  galls,  with  or  after  marl, 
both  rich  and  durable  soil  has  been  formed,  though  at  great  cost. 

The  more  level  parts  of  the  old  and  greatly  exhausted  fields,  and 
>he  newly  cleared  wood-land  (both  kinds  being  naturally  poor,  thin, 
and  acid  soils),  are  the  only  lands  which  have  enjoyed  anything 
like  the  full  beneficial  effects  of  marling.  These  have  been  in- 
creased in  product  from  5  and  10  bushels  of  corn  per  acre  (which 
may  be  considered  the  usual  minimum  and  maximum  rates),  to  at 
least  20,  and  in  some  cases  to  30  bushels,  even  without  the  aid  of 
barn-yard  manure.  Where  putrescent  manures  have  been  also 
applied,  they  have  raised  the  products  much  higher ;  and  these 
manures  are  now  as  durable  and  as  profitable  as  formerly  they  were 
fleeting  and  profitless  in  effect. 

The  before  poor  and  light  soil  which  formed  the  greater  part  of 
the  old  arable  lands,  and  which  was  not  above  three  inches  in  depth 
(and  scarcely  two  inches  when  in  its  natural  forest  state),  is  now 
seven  inches  or  more,  and  requires  three-horse  ploughs  to  break  it 
to  proper  depth,  where  the  one-horse  ploughs  formerly  would  fre- 
quently reach  and  bring  up  the  barren  sub-soil. 

The  fertilizing  operation  of  marl  has  increased  with  time,  even 
where  the  effects  were  also  the  most  speedy,  and  most  profitable  on 
the  first  crop  after  the  application. 

The  soil,  which  before  was  totally  unable  to  support  red  clover, 
is  now  (except  on  the  most  sandy  spots)  well  adapted  to  the  growth, 
and  capable,  according  to  the  grade  of  fertility,  of  receiving  the 
great  benefit  which  is  offered  by  that  most  valuable  of  improving 
crops. 

And  generally — notwithstanding  all  the  many  and  great  errors 
committed  in  my  marling  (for  want  of  experience),  and  of  still  worse 
general  farm  management — and  though  a  considerable  proportion 
of  the  old  land  was  either  but  little  or  not  at  all  fit  to  be  improved 
by  marling — and  though  the  land  added  since  by  new  clearings  was 
all  very  poor,  and  worthless  for  its  natural  producing  power— still, 
the  general  annual  grain  products  of  the  farm  have  been  increased 
from  three  to  four-fold,  and  the  net  profit  of  cultivation  and  the 
intrinsic  value  of  the  land  have  been  increased  in  a  still  greater 
proportion. — [1842.] 
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Statement  of  marling  and  crops,  on  Coggins  Point  (now  SeecA- 
wood)  Farm.** 
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**  After  1827  I  ceased  to  keep  a  regular  farm  journal,  as  had  been  done 
before.  Hence  the  blanks  in  the  table  which  appear  afterward?  to  1836. 
The  occupancy  and  direction  of  the  present  proprietor,  Edmund  Ruffin, 
jr.,  began  with  the  year  1839.  >.    i  >  -, 
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Explanatory  Remarks  on  the  Land  and  its  Management. 

Quantity  of  laud  for  cultiTation  (exclusive  of  waste  parts),  at  first  472 
acres ;  increased  by  new  clearings  to  602  by  1826 ;  to  652  in  1832  ;  and  no 
more  in  1842,  though  30  more  acres  have  since  been  cleared  and  tilled,  be- 
cause as  much  in  1836  converted  to  a  permanent  pasture.  All  the  new 
land  added  by  clearing  was  poor,  and  very  few  acres  of  it  would  have  pro- 
duced more  than  10  bushels  of  corn,  or  6  of  wheat  (without  the  marling), 
after  the  8  or  4  first  crops.  Of  course  the  new  land  added  served  to  reduce 
instead  of  increasing  the  general  average  product  per  acre. 

Rotation  at  first  of  three-shifts,  viz. ;  1  corn,  2  wheat  on  the  richer  half, 
3  at  rest,  and  after  1814  not  grazed.  This  changed  gradually  to  4  shifts 
(by  1823)  of  1  corn,  2  wheat,  3  and  4  at  rest.  1820,  began  to  fallow  for 
wheat,  in  part  and  only  in  some  years.  In  1826  or  1827  began  to  sow  the 
wheat  fields  generally  in  clover,  and  about  1835,  to  fallow  a  part  (say  one- 
fourth  to  one-third)  of  each  clover  field  for  wheat  the  year  preceding  the 
crop  of  corn.  This  changed  in  1840'to  a  five-shift  rotation,  one-fifth  of  the 
arable  land  being  in  com,  two-fifths  in  wheat  (and  oats),  and'  two-fifths  in 
claver  (or  weeds),  or  other  green  or  manuring  crops. 

The  crops  of  wheat  for  first  six  years  (1813  to  1818)  raised  on  the  richer 
parts  of  each  shift,  making  not  much  more  than  one-half  the  land  only; 
the  remainder  being  then  much  too  poor  to  be  sown.  As  these  poorest  parts 
were  marled,  all  were  sown  in  wheat,  in  their  turn.  Therefore,  the  earlier 
average  products  of  wheat  per  acre  as  stated,  were  for  the  richer  part  of 
the  land,  while  since  1822  the  average  is  for  the  worst  as  well  as  the  best 
land  of  each  shift. 

Grazing  the  clover  fields  commenced  partially  about  1830,  and  increased 
since.  Latterly  about  20  head  of  cattle  and  100  of  hogs  on  the  clover 
during  the  grazing  season. 

The  crops  of  hay,  corn-fodder,  &c.,  being  all  consumed  on  the  farm, 
their  products  have  not  been  estimated. 

Notes  on  Particular  Crops,  ^c. 

a  1818  to  1822,  inclusive,  27  acres  of  rich  embanked  marsh  in  corn  every 
year,  which  served  to  increase  these  crops,  and  their  average — which  land 
sunk  too  low  after  1828  for  corn,  and  has  since  been  under  the  tide. 

f  In  1818,  the  first  marling. 

1828,  oats  on  17  acres. 

1826  to  1880,  a  succession  of  bad  seasons  for  wheat,  or  of  crops — made 
much  worse  (as  I  afterwards  believed),  by  the  land  having  been  so  long 
kept  from  being  grazed  and  trodden  by  cattle. 

*  These  crops  not  actually  measured,  but  amounts  otherwise  estimated., 
AH  other  quantities  measured,  unless  stated  otherwise. 

i  The  richer  half  of  the  shift  only  cultivated  in  corn  this  year  (1821). 

22  Marling  nearly  extended  over  all  the  cleared  arable  land  requiring  it, 
and  injurious  where  too  thick. 

From  1825  to  1830  inclusive,  the  richest  land  of  the  farm  kept  under 
cotton,  which  served  greatly  to  lessen  the  general  products,  "and  stUl  more 
the  average  product  per  acre  of  the  wheat  crops,  during  that  time.  Also, 
fallowing  for  wheat  had  ceased  (the  suitable  land  being  occupied  by  cotton), 
and  this  had  served  still  more  to  reduce  the  crops  of  wheat.  The  largest 
crops  of  wheat  raised  previously  (1819  to  1825)  were  partly  owing  to  the 
crop  being  in  tpart  raised  on  summer  fallow.  And  though  this  was  in  ad-^ 
vance  of  having  the  all-important  aid  of  clover,  as  green  manure,  stiU 
wheat  on  fallow  always  produced  much  better  than  would  the  same  land  if 
in  wheat  after  com,  as  usual.  My  first  largely  increased  crop  of  wheat 
16* 
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(in  1822),  was  in  part  owing -to  the  fallow  process  on  a  large  space.  But 
as  the  same  land  had  been  then  marled,  and  this  was  its  first  wheat  crop 
after  the  marling,  I  incorrectly  ascribed  all  the  great  improvement  of  produc- 
tion to  the  new  fertility  caused  by  marling.  In  after  time,  when  the  same 
field  yielded  a  much  lighter  crop  of  wheat,  following  com,  there  was  great 
disappointment,  for  the  supposed  diminished  fertility.  In  truth,  there  was 
great  improTement  of  fertility  at  first,  from  marling,  and  no  diminution 
afterwards.  But  a  still  greater  measure  of  temporary  production  was 
superadded  at  first  by  the  fallow  preparation — which  increase  ceased  when 
this  kind  of  preparation  was  not  used.  So  generally  now  is  known  this 
superiority  of  the  yield  of  fallow  wheat,  that  no  farmer  could  be  deceived 
in  this  respect.  Nevertheless,  not  only  was  I  so  deceived  formerly,  in  the 
beginning  and  partial  use  of  summer  fallow,  but  most  other  persons  were 
as  ill-informed.  For  nearly  all  other  improving  farmers,  in  addition  to 
whatever  means  of  fertilization  they  employed,  soon  also  began  to  fallow 
for  wheat,  and  on  clover,  if  the  land  had  been  enabled  to  bring  clover. 
The  first  and  all  succeeding  crops  so  prepared  for,  would  be  more  than 
double  any  made  previously  on  the  same  land,  in  the  formerly  universal 
course,  after  com.  And  this  more  than  doubledproduction  of  the  next 
succeeding  crop,  when  published,  was  supposed  by  all  to  be  the  result  of  a 
doubled  degree  of  fertility  so  quickly  induced.  Several  such  reports  ap- 
peared from  difi'ereut  and  excellent  improving  farmers  in  the  "Farmers' 
Register;"  and  great  as  were  the  actual  measures  of  new  fertility  in  all 
these  cases,  it  is  certain  that  the  writers  of  these  reports,  as  well  as  the 
readers,  were  deceived  by  the  then  new  and  little  known  peculiar  benefits 
of  the  summer  fallow  preparation  for  wheat — and  consequently  ascribing 
less  benefit  to  the  mode  of  tillage,  and  more  to  the  newly  created  fertility 
of  the  field,  than  was  proper.  It  was  not  until  about  1835  that  fallow  pre- 
paration had  become  my  annual  proced<ire,  even  to  small  extent ;  nor  un- 
til 1839  that  it  was  made  a  regular  part  of  the  rotation,  extending  to  one- 
fifth  of  the  farm  each  year.  Afterwards,  as  will  be  seen,'  the  crops  of  wheat 
were  greatly  and  permanently  increased  over  the  general  former  products ; 
they  then  having  all  the  before  produced  fertility,  caused  by  marling,  to- 
gether with  the  surface  under  wheat  being  extended  to  two-fifthg  of  the 
land,  and  half  of  that  quantity  of  fallow  preparation,  and  with  clover,  so 
far  as  this  manuring  crop  could  be  made  to  grow. 

II  13,027  lbs.  of  cotton,  net  weight  as  sold,  or  170  lbs.  to  the  acre. 

e  1836,  the  wheat  crop  nearly  destroyed  by  rust,  as  was  general  through 
eastern  Virginia. 

t  Corn  crop  of  1838  and  wheat  crop  of  1839  very  much  lessened  by  the 
ravages  of  the  chinch-bug. 

c  e  On  26  of  these  acres  the  marling  was  a  second  application. 

e  The  root  crops  (turnips  and  beets),  and  pumpkins  and  cymlings,  occu- 
pied part  of  the  most  highly  enriched  land — all  consumed  on  the  farm,  and 
products  not  estimated. 

8  8  8  Second  dressings  of  marl,  at  about  250  bushels  the  acre ;  applied 
where  first  dressings  had  been  lightest,  or  where  more  seemed  to  be  wanting. 

v  Severe  drought  in  1845  cut  short  the  com  crop. 

t  Remarkable  wet  time  for  harvest  in  1846,  and  much  loss  of  wheat. 

u  In  1847,  much  Hessian  fly  in  wheat. 

^  In  1849,  three  freezing  nights  in  April  cut  down  all  the  forward  wheat. 

In  1844,  my  residence  and  labours  were  removed  to  the  farm, 
Marlbourne,  in  Hanover,  wbich  had  been  recently  bought,  and 
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which  I  then  began  to  marl,  and  to  cultivate.  I  here  brought  to 
bear  iliuch  experience,  and  also  judgment,  both  of  which  had  been 
wanting  to  my  first  marling  labours,  and  therefore  I  now  had  more 
speedy  and  complete  success.  Still  there  were  important  counter- 
vailing obstacles,  in  the  great  existing  differences  of  the  soil  and 
level  of  my  new  farm,  from  the  hilly  lands  on  which  my  earlier 
labours  had! been  bestowed.  Owing  to  my  want  of  knowing  the 
peculiar  requisitions  for  land  entirely  new  to  me,  each  field  had 
to  pass  once  at  least  through  its  course  of  culture,  before  I  learned, 
from  my  errors,  what  should  be  its  proper  tillage  and  management. 
The  arable  land  of  Marlbourne,  about  750  acres,  was  nearly  all  of 
Pamunkey  flats  of  high  level,  or  "second  low-grounds."  The 
surface  generally  is  so  level  and  also  so  much  of  it  in  shallow, 
basin-shaped  depressions,  as  to  need  much  labour  and  judgment  in 
draining  J  the  soils  of  all  shades  of  texture  between  very  sandy 
and  light,  and  very  stiff  and  intractable,  under  tillage.  The  origi- 
nal qualities  had  varied  between  rich  and  less  than  medium  fertility. 
The  cultivation  had  been  very  exhausting ;  all  the  land  (not  too 
wet  to  cultivate),  had  been  greatly  reduced ;  and  much  of  it  was 
extremely  poor.  About  80  acres,  in  many  separated  spots,  of 
cleared  land,  had  been  the  bottoms  of  forriierly  existing  ponds. 
These  "black-lands"  only  still  were  rich,  and  also  of  very  stiff  soil. 
Most  of  the  other  clay  lands  were  the  poorest  of  the  farm,  and 
extremely  poor.  The  sandy  soils  all  bore  sorrel,  thus  giving  evi- 
dence of  their  th'en  acid  condition.  About  60  acres  had  been 
marled,  but  quite  insufficiently,  and  required  full  as  much  more  marl 
as  had  been  laid  on.  All  the  remaining  land  had  to  be  marled  for 
the  first  time.  Of  the  procedure  and  the  results,  this  occasion  per- 
mits only  the  general  statement  which  will  follow,  of  the  quantities 
of  marl  carried  out  (obtained  from  an  adjacent  farm),  and  the  crops 
made.  It  is  understood  that  no  previous  crop  of  wheat,  made  on 
the  farm  for  many  years  before  my  occupancy,  had  reached  the 
amount  of  1000  bushels ;  and  ev6n  my  first  crop  (reaped  in  the 
second  year)  was  increased  by  being  partly  on  land  I  had  marled, 
and  also  by  having  an  over-proportion  of  the  richest  ground,  taken 
in  detached  spots. 
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[1832.]  "With  all  the  increase  of  products  that  I  have  ascribed 
to  marling,  the  heaviest  amounts  stated  may  appear  inconsiderable 
to  farmers  who  till  soils  more  favoured  by  nature.  Corn  yielding 
twenty-five  or  thirty  bushels  to  the  acre,  is  doubled  by  many  natural 
soils  in  the  western  states;  and  ten  or  twelve  bushels  of  wheat 
(following  corn)  will  still  less  compare  with  the  product  of  the 
best  lime-stone  clay  land.  The  cultivators  of  our  poor  region,  how- 
ever, know  that  such  products,  without  any  future  increase,  would 
be  a  prodigious  addition  to  their  present  gains.  Still  it  is  doubtful 
whether  these  rewards  are  sufficiently  high  to  tempt  many  of  my 
countrymen  speedily  to  accept  them.  The  opinions  of  many 
farmers  have  been  so  long  fixed,  and  their  habits  are  so  uniform 
and  unvarying,  that  it  is  difficult  to  excite  them  to  adopt  any  new 
plan  of  improvement,  except  by  promises  of  profits  so  great  that  an 
uncommon  share  of  credulity  would  be  necessary  to  expect  their 
fulfilment.  The  net  profits  of  marling,  if  estimated  at  twenty  or 
even  fifty  per  cent,  per  annum,  on  the  expense,  for  ever — or  the 
assurance,  by  good  evidence,  of  doubling  the  crops  of  a  farm  in  ten 
years  or  less — will  scarcely  attract  the  attention  of  those  who  would 
embrace,  without  any,  scrutiny,  the  most  absurd  plan  that  promised 
five  times  as  much.  Hall's  scheme  for  cultivating  com  was  a 
stiiflulus  exactly  suited  to  their  lethargic  state  ;  and  that  impudent 
Irish  impostor  found  many  steady  old-fashioned  farmers  who  had 
always  eschewed  experiments,  and  held  "book-farming"  in  utter  con- 
tempt, willing  to  pay  for  his  pretended  patent-right  and  directions 
for  making  five  hundred  barrels  of  corn  without  ploughing,  andjrith 
the  hand  labour  of  two  men  only. 

The  products  and  profits  derived  from  the  use  of  marl,  as  pre- 
sented in  the  preceding  pages,  considerable  as  they  are,  have  been 
kept  down,  or  lessened  in  amount,  by  my  then  want  of  experience, 
and  ignorance  of  the  danger  of  injudicious  applications.  My  errors 
may  at  least  enable  others  to  avoid  similar  losses,  and  thereby  to 
reach  equal  profits  with  half  the  expense  of  time  and  labour.  But 
are  we  to  consider  even  the  greatest  known  increase  of  product  that 
has  been  yet  gained,  in  a  few  years  after  marling,  as  showing  the 
full  amount  of  improvement  and  profit  to  be  derived  ?  Certainly 
not ;  and  if  we  may  venture  to  leave  the  sure  grouild  of  practical 
experience,  and  look  forward  to  what  is  promised  by  the  theory  of 
the  operation  of  calcareous  manures,  we  must  anticipate  future 
crops  far  exceeding  what  have  yet  been  obtained.  To  this,  the  ready 
objection  may  be  opposed,  that  the  sandiness  of  the  greater  part  of 
our  lands  will  always  prevent  their  being  raised  to  a  high  state  of 
productiveness — and,  particularly,  that  no  care  or  improvement 
can  make  heavy  crops  of  wheat  on  such  soils.  This  very  general 
opinion  is  far  from  being  correct ;  and  as  the  error  is  important,  it 
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may  be  useful  to  offer  some  evidence  in  support  of  the  great  value 
to  which  sandy  soils  may  arrive.  .    . 

We  are  so  accustomed  to  find  sandy  soils  poor,  that  it  is  difficult 
for  us  to  connect  with  them  the  idea  of  fertility,  and  still  less  of 
durability.  Yet  British  agriculturists,  who  were  acquainted  with 
clays  and  clay  loams  of  as  great  value,  and  as  well  managed  under 
tillage,  as  any  in  the  world,  speak  in  still  higher  terms  of  certain 
soils  which  are  even  more  sandy  than  most  of  ours.  For  example 
— "  Kich  sandy  soils,  however,"  says  Sir  John  Sinclair,  "  such  as 
those  of  Frodshata  in  Cheshire,  are  invaluable.  They  are  cultivated 
at  a  moderate  expense ;  and  at  all  times  have  a  dry  soundness, 
accompanied  by  moisture,  which  secures  exellent  crops,  even  in  the 
driest  summers."*  Robert  Brown  (one  of  the  very  few  who  have 
deserved  the  character  of  being  both  able  writers  and  successful 
practical  cultivators)  says — "Perhaps  a  true  sandy  loam,  incumbent 
on  a  sound  sub-soil,  is  the  most  valuable  of  all  soils."f  _  Arthur 
Young,  when  describing  the  soils  of  France,  in  his  agricultural 
survey  of  that  country,  in  several  places  speaks  in  the  highest 
terms  of  different  bodies  of  light  or  sandy  soils,  of  which  the 
following  example,  of  the  extensive  district  which  he  calls  the  plain 
of  the  Garonne,  will  be  enough  to  quote :  "  It  is  entered  about 
Oreisensac,  and  improves  all  the  way  to  Montauban  and  Toulouse, 
where  it  is  one  of  the  finest  bodies  of  fertile  soil  that  can  anywhere 

be  seen." "  Througtf  all  this  plain,  wherever  the  soil  is  found 

excellent,  it  consists  usually  of  a  deep  mellow  friable  sandy  loam, 
with  moisture  sufficient  for  anything ;  much  of  it  is  calcareous."| 
The  soil  of  Belgium,  so  celebrated  for  its  high  improvement  and 
remarkable  productiveness,  is  mostly  sandy.  The  author  last 
quoted,  in  another  work  describes  a  body  of  land  in  the  county  of 
Norfolk,   as  "one  of  the  finest  tracts    that    is    anywhere    to    be 

seen" "a    fine,  deep,  mellow,  putrid    sandy    loam,    adhesive 

enough  to  fear  no  drought,  and  friable  enough  to  strain  off  super- 
fluous moisture,  so  that  all  seasons  suit  it;  from  texture  free  to 
work,  and  from  chemical  qualities  sure  to  produce  in  luxuriance 
whatever  the  industry  of  man  commits  to  its  friendly  bosom."§ 
Mr.  Coke,  the  great  Norfolk  farmer,  made  on  the  average  24  bushels 
of  wheat  to  the  acre,  on  an  estate  of  as  sandy  soil  as  our  South- 
ampton (where  probably  a  general  average  of  two  bushels  could 
not  be  oDtained,  if  general  wheat  culture  were  attempted) — and 
many  other  farms  in  Norfolk  yielded  much  better  wheat  than  Mr. 
Coke's  in  1804,  when  Young's  survey  was  made.     Several  farms 

*  Code  of  Agriculture,  p.  12. 

•j- Brown's  Treatise  on  Agriculture,  p.  218,  of  "Agriculture"  in  Edin. 
Ency. 

J  Young's  Tour  in  Prance. 

§  Young's  Survey  of  Norfolk,  p.  4. 
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kveraged  36  bushels,  and  one  of  40  is  stated;  and  the  general  ave- 
rage of  the  county  wag  24  bushels.*  Yet  the  county  of  Norfolk  was 
formerly  pronounced  by  Charles  II.  to  be  only  fit  "  to  cut  up  into 
strips,  to  make  roads  of  for  the  remainder  of  the  kingdom" — and 
that  sportive  description  expressed  strongly  the  sandy  nature  of  the 
soil,  as  well  as  its  then  state  of  poverty  and  utter  worthlessness. 

Because  certain  qualities  of  poor  clay  soils  (particularly  their 
absorbent  power)  make  them  better  than  poor  sands  for  producing 
wheat,  we  most  strangely  attach  a  value  to  the  stiffness  and  in- 
tractability of  the  former.  Yet  if  all  the  absorbent  quality  and 
productive  power  of  clay  could  be  given  to  sand,  surely  the  latter 
would  be  the  more  valuable  in  proportion  to  its  being  friable  and 
easy  to  cultivate.  The  causes  of  all  the  valuable  qualities  and  pro- 
ductive power  of  the  rich  sands  that  have  been  referred  to,  are 
only  calcareous  and  putrescent  manures,  and  depth  of  soil ;  and  if 
the  same  means  can  be  used,  our  now  poor  sands  may  also  be  made 
as  productive  and  valuable.  I  do  not  mean  to  assert  that  the  most 
highly  improved  sandy  soils  can  produce  as  much  wheat  as  the  best 
clay  soils ;  but  they  will  not  fall  so  far  short  as  to  prevent  their 
being  the  more  valuable  lands,  for  wheat  as  well  as  other  crops,  on 
account  of  their  being  more  easily  cultivated,  and  less  liable  to  suffer 
from  bad  seasons,  or  bad  management. 

The  greatest  objection  to  the  poor  sandy  lands  of  lower  Virginia,  as 
subjects  for  improvement  by  calcareous  manures,  is  not  their  excess 
of  sand,  nor  yet  their  poverty — ^great  as  may  be  both  these  dis- 
advantages— but  it  is  the  shallowness  of  the  poor  and  sandy  soil. 
The  natural  soil  of  a  large  portion  of  these  lands,  before  cultivation, 
is  not  more  than  from  one  to  two  inches  deep,  lying  on  a  barren 
sub-soil  of  sand.  Now  suppose  this  very  shallow  soil  to  be  doubled 
or  even  tripled  in  fertility  by  marling,  or  a  productive  power  of  6 
or  9  bushels  of  corn  be  raised  to  18  bushels,  still  it  would  be  but 
mean  land.  And  a  long  succession  of  annual  vegetable  covers  to 
be  left  on  the  land,  or  a  great  quantity  of  prepared  putrescent 
manure  furnished  at  once,  would  be  required  to  make  such  soil  both 
rich  and  deep.  If  the  original  soil  had  been  ten  inches  deep,  the 
fertility  before  marling'might  have  been  but  little  more  than  on  the 
shallowest  soil.  But  heavy  marling  and  deep  and  good  tillage 
would  have  served  speedily  to  make  a  rich  and  productive  soil, 
approaching  in  value  to  those  rich  sands  of  Europe  mentioned 
above. 

Another  large  class  of  the  poor  la,nds  of  lower  Virginia  are  the 
close  stiff  clays,  of  which  the  soil  is  still  more  shallow  than  the 
sands.  Such  land  was  described  at  page  124  and  formed  the  sub- 
jects of  experiments  5,  6,  and  7.  This  is  the  very  worst  soil  known 

♦Young's  Survey  of  Norfolk,  p.  300  to  304. 
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before  being  marled,  and  also  the  most  worthless  of  all  known 
marled  soils.  And  yet  a  three-fold  product  has  been  usually  ob- 
tained on  these  lands  by  marling  alone,  within  four  or  at  most  eight 
years  after  the  application  of  marl.  Still,  this  land,  as  well  as  the 
most  sandy,  wants  only  greater  depth  of  soil  and  abundance  of 
vegetable  matter,  to  become  fertile  and  valuable. 

While  then  calcareous  manures  may  be  counted  on  to  produce 
great  improvement  on  all  soils  not  naturally  provided  with  them — 
and  to  show  a  greater  percentage  of  increase  on  the  worst  than  on 
better  soils,  and  a  remunerating  profit  on  all  ( — except  those  few 
already  calcareous — )  still,  it  will  be  far  more  profitable  to  marl 
some  soils  than  others.  Dung,  or  other  alimentary  manure  in  the 
best  condition  for  use,  increases  vegetation  nearly  in  proportion  ia 
the  quantity  of  the  manure,  and  without  regard  or  proportion  to  the 
previous  product  of  the  soil.  Thus,  a  wasteful  application  of  dung 
might,  in  a  single  year,  increase  the  production  of  an  acre  of  very 
poor  land,  from  5  bushels  to  50  bushels  of  corn.  But  calcareous 
manures  improve  production  somewhat  in  proportion  to  the  previous 
power  of  the  soil ;  and  if  the  original  product  was  very  low,  the 
addition  thereto  of  100  or  even  200  per  cent.,  made  on  the  first 
crops  after  marling,  will  show  still  but  a  poor  product.  These  re- 
remarks  and  illustrations  are  designed  for  the  instruction  of  those 
beginners  who  deem  it  important  to  learn  on  what  kinds  of  soil  to 
apply  their  marl.  In  more  general  terms  I  would  answer,  "  apply 
it  to  all  soils  not  already  calcareous ;"  for  however  different  may  be 
the  measure  of  profit,  I  have  never  known  marl  applied  unprofitably 
in  regard  to  place,  if  applied  judiciously  in  manner.  Of  course  I 
refer  to  soils  having  some  previous  productive  power  and  some 
tenacity ;  and  not  to  such  naked  sands,  drifting  with  the  winds, 
as  are  seen  in  parts  of  North  Carolina,  South  Carolina,  and  Georgia. 


CHAPTER  XXII. 

THE  EXTENT  OF  DURATION  OP  THE  EFFECTS  OF  CALCAREOrS 

MANtTRES. 

Proposition  5 — continued. 

In  advance  of  the  discussion  of  the  general  question  of  the  per- 
manency of  calcareous  manures,  I  will  here  state  the  facts  in  regard 
to  duration  of  effects  observed  and  known  of  my  own  oldest  prac- 
tice. This  extent  of  experience  is  indeed  much  too  short  to  be 
considered  as  the  slightest  evidence  of  such  permanency  of  effect  as 
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I  ascribe  to,  and  shall  claim  for,  calcareous  manures ;  nor  are  these 
facts  presented  for  that  purpose.  Still,  even  this  comparatively  short 
experience  shows  an  undiminished  duration  of  benefit  from  cak- 
ing, which  is  long  compared  to  that  of  any  other  manuring.  And, 
therefore,  for  practical  instruction,  these  and  other  like  facts,  if 
brought  from  other  sources,  may  be  of  more  use  than  any  reason- 
ing upon  theoretical  grounds,  though  going  to  prove  a  degree  of 
duration  of  calcareous  manures  immeasurably  greater  than  any  ex- 
perience of  maij. 

At  this  time  of  my  writing  (1852),  thirty-four  years  have 
passed  since  my  first  application  of  marl  (in  January  1818),  and 
which  was  the  beginning  of  regular  and  continued  labours  in  the 
same  way.  The  dressings  given  in  1818,  and  also  in  1819,  were 
all  very  light ;  and  were  soon  inferred  to  be  insufficient,  even  for 
the  immediate  wants  of  the  land.  Therefore,  more  marl  was  added 
to  all  these  places,  with  the  next  succeeding  tillage  crop.  This 
early  repetition  prevented  any  observation  of  the  oldest  dressings, 
as  to  their  separate  and  continued  effects.  In  1820,  my  error  as 
to  quantity  was  in  the  opposite  extreme,  the  marl  being  then  laid 
on  so  heavily  as  to  produce  injury  to  the  crops,  after  some  years. 
For  these  different  reasons,  the  marling  for  the  corn  of  1821  is  the 
oldest  of  my  applications,  which  was  both  heavy  enough,  and  not 
so  excessive  as  to  cause  any  subsequent  abatement  (by  disease)  of 
the  increase  of  crops,  produced  in  the  first  few  years.  No  second 
marling  has  there  been  given.  The  crops  were  increased  always 
in  the  first  year  after  the  marling ;  and  continued  to  show  more  and 
more  increase  for  ten  or  more  years  afterwards.  Nor  has  there 
been  any  known  diminution  of  the  highest  productive  power  thus 
obtained,  to  this  time,  in  thirty-one  years  of  tillage  and  rest,  ac- 
cording to  the  rotations  in  use,  since  the  first  marling.  These  re- 
marks apply  especially  and  strictly,  to  the  eleven  acres  of  newly 
cleared  (and  then  poor  and  acid)  land,  forming  the  subject  of  ex- 
periment 1  (page  117  of  this  edition) ;  and  the  like  results, 
though  for  different  shorter  times,  have  been  experienced  on  the 
adjoining  and  similar  land,  subsequently  cleared  and  marled, 
to  the  amount  of  eighty  or  ninety  acres.  Of  nearly  all  the  other 
lands,  also  marled,  on  Coggins  farm,  for  crops  of  1821,  or  soon 
after,  of  different  soils  and  conditions,  the  same  statements  should 
be  made,  in  respect  to  there  having  been  no  known  abatement  of 
the  early  increase  of  crops.  To  this  general  rule  there  are  two 
limited  exceptions,  apparent  or  real.  The  first  has  just  been  ad- 
verted to,  and  was  before  described  at  length  (p.  155).  This  injury, 
by  disease,  however  great,  was  not  at  all  a  diminution  of  effect  of 
the  marl,  but  the  result  of  excess  of  quantity,  and  of  improper 
effect.  With  time,  and  supplying  vegetable  matter  in  proportion, 
17 
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this  excess  of  marl  has  been  moderated  in  effect ;  and  those  appli- 
cations now,  as  the  others,  show  continuing  good  effects  only.  The 
other  exception,  though  not  yet  well  understood,  seems  more  real. 
It  applies  only  to  some  small  spaces  of  land,  sometimes  slightly 
oozy,  on  clay  sub-soil.  The  surface  of  these  spots  is  generally  slop- 
ing, though,  in  some  cases,  too  level  to  lose  much  soil  by  washing 
rains.  The  soil  is  shallow,  and  receives  the  excess  of  filtrating  rain- 
water from  the  more  level  and  higher  land,  in  wet  seasons,  and 
which  is  discharged  over  its  surface,  when  most  abundant ;  or  other- 
wise beneath  the  shallow  soil,  to  the  lower  grounds,  or  to  streams. 
Such  spots,  being  too  wet  only  in  winter  and  spring,  and  of  small 
extent,  were  either  not  drained  at  all,  or,  where  covered  drains  had 
been  made  and  had  failed,  they  were  not  renewed.  In  land  of 
this  kind,  it  seems  as  if  the  oozing  water  dissolves  and  carries  off 
the  organic  and  nutritive  ingredients  of  the  soil.  All  soil  of  this 
character,  on  the  farm  named,  together  makes  but  some  ten  or 
twelve  acres,  in  many  small,  irregular-shaped  spots,  and  always  of 
small  value  for  tillage,  which  circumstances  caused  their  being  neg- 
lected. In  all  such  cases,  and  even  after  being  marled,  and  an 
early  improvement  being  thereby  produced,  these  spots  have  become 
more  poor,  and  the  soil  itself  seeming  to  diminish  in  quantity,  as 
if  lost  by  being  washed  away,  which,  however,  is  not  the  case. 
Previous  and  proper  drainage  would,  no  doubt,  have  prevented  the 
existence  of  this  only  known  real  exception  to  the  continued  and 
unabated  good  effect  of  marling.  It  is  stated  here  thus  particularly, 
not  only  as  due  to  truth,  but  also  because  the  facts  will  be  again 
referred  to,  in  another  connexion. 

It  should  be  observed,  as  to  my  general  practice,  and  in  regard 
to  all  land  referred  to  on  which  no  repetition  of  the  first  marling 
of  early  date  has  been  made,  or  has  been  needed — and  where  no 
abatement  of  the  highest  productive  power  has  occurred — that  the 
following  conditions  existed,  and  were  (as  I  suppose)  essential  for/ 
the  results  stated :  The  marling  had  been  heavy  (perhaps  furnish- 
ing 1}  to  2  per  cent,  of  carbonate  of  lime  to  the  tilled  layer  of  soil), 
and  the  land  subsequently  kept  under  sufficiently  mild  cropping 
and  treatment,  which  allowed  it  to  be  supplied,  through  its  own 
.growth  of  grass,  and  by  help  of  atmospheric  influences,  with  more 
•organic  or  nutritive  matter  than  the  cultivated  crops  took  away. 
On  some  marled  land,  on  other  farms,  where  the  general  course  of 
•cultivation  was  exhausting,  and  not  compensated  by  enough  of 
natural  or  other  supplies  of  vegetable  and  alimentary  matter,  the 
early  increase  of  product  has  been  subsequently  lowered.  In  some 
such  cases,  within  my  observation,  of  most  scourging  tillage,  in 
eight  or  ten  years  after  marling,  and  after  excellent  early  effects, 
ithe  land  was  reduced  to  as  low  a  state  as  before  being  marled. 
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Such  results,  to  this  extent,  have  occurred  only  where  the  temporary 
occupants  of  the  land  thought  they  had  no  interest  in  preserving 
fertility  for  future  use,  or  otheijwise  were  grossly  ignorant  or  neg- 
lectful of  their  own  interests. 

But  though  the  first  dressing  of  marl  being  heavy,  and  not  sub- 
sequently repeated,  are  conditions  best  suited  for  showing  the  long 
duration  of  effects,  that  course  is  not  economical  or  proper  in  any 
other  respect.  When  a  heavy  dressing  is  applied  at  once,  perhaps 
half  the  amount  (even  if  not  afterwards  hurtful  by  its  excess)  is 
superfluous,  and' lies  useless  and  as  dead  capital  for  ten  or  twenty 
years.  It  would  be  far  cheaper,  and  more  conformable  to  the 
theoretical  views  of  the  action  of  calcareous  manures,  if  half  the 
quantity  of  such  heavy  first  applications  had  been  withheld  until 
the  addition  was  required  by  the  increased  store  of  organic  matter 
in  the  soil,  and  by  the  prospective  continued  supply,  which  would 
call  for  more  calcareous  matter,  fbr  the  purpose  of  combining  with 
what  otherwise  would  be  a  useless  and  wasting  excess  of  vegetable 
or  other  organic  matter. 

Except  where  the  first  dressing  was  very  light,  and  therefore  was 
very  soon  after  added  to,  there  were  no  re-marlings  on  the  Coggins 
farm  until  about  1843.  The  want  of  more  calcareous  matter  then 
seemed  to  be  indicated  on  parts  of  the  farm,  which  either  had  at 
first  been  the  least  heavily  covered,  or  otherwise  had  since  received 
the  most  putrescent  manure  from  the  stock  pens,  or  other  supplies 
of  vegetable  matter.  These  indications  were  understood  when, 
after  a  long  time,  scattering  plants  of  sorrel  began  to  reappear ; 
when  there  was  evidence  of  great  increase  of  organic  matter  in  the 
soil  shown  by  the  larger  products  of  grain  ;  and  never  by  any  de- 
crease of  production,  except  of  clover  alone.  Believing  that  it  was 
time  for  re-marling  to  be  beneficial,  that  operation  was  then  begun, 
and  has  been  continued  annually  since  on  the  parts  of  the  land 
supposed  to  require  it,  on  each  field,  preceding  its  next  corn  crop. 
The  soils  so  re-marled,  of  course,  were  neutral  before  (from  the 
first  marling) ;  or,  at  most,  had  Very  little  excess  of  newly -formed 
acid ;  and,  of  course,  no  perceptible  or  manifest  benefit  from  the 
re-marling  was  expected,  or  has  been  found,  in  the  next  succeeding 
grain  crops. 

In  these  cases,  the  want  of  additional  calcareous  matter  was  not 
caused  by  the  waste  or  disappearance  of  the  first  supply ;  but  be- 
cause the  first  supply,  still  remaining  with  very  slight  diminution 
of  quantity,  and  none  of  efiect,  had  served  so  to  increase  the  organic 
matter  of  the  soil,  that  a  larger  quantity  of  calcareous  matter  could 
be  put  to  use  and  profit.  This  is  altogether  dififerent  from  the 
supposed  exhaustion,  by  use  and  by  waste,  of  the  first  supply  of 
calQareous  matter,  as  occurs  of  putrescent  manure,  and  the  conse- 
quent necessity  for  replacing  it  by  a  new  supply.     And  this  latter 
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is  the  cause  requiring  second  and  repeated  applications  of  lime  or 
marl,  as  generally  and  erroneously  supposed  to  operate,  not  only 
by  the  ignorant,  but  by  the  scientific  authorities  whose  opinions  I 
shall  presently  notice,  and  endeavour  to  controvert. 

So  far,  I  have  merely  aimed  to  show,  by  facta  and  from  experi- 
ence, that  the  increased  productiveness  of  soils,  induced  by  calca- 
reous manures,  has  not  ceased,  nor,  in  general,  been  at  all  diminished 
within  such  short  time  of  experience  as  belongs  to  the  agriculture 
of  this  country,  and  of  which  only  we  can  know  and  estimate  all 
the  conditions  and  circumstances.  But,  however  important  may 
be  the  value  of  these  evidences  of  durable  eflFect,  bearing  on  the 
question  of  the  profit  of  practical  operations,  they  go  but  little  way 
towards  fixing  the  limit  of  duration,  and  of  the  undiminished  ope- 
ration of  calcareous  manures. 

In  the  first  sketch  of  this  essay,  published  in  1821,  as  well  as  in 
all  the  subsequent  editions,  I  asserted  and  argued  for  the  absolute 
permanency  of  calcareous  earth,  acting  as  manure  in  soil ;  and  the 
remaining  in  the  soil  of  the  lime,  with  but  very  little  appreciable 
diminution  of  its  quantity,  through  all  its  chemical  changes  and 
different  successive  combinations.  In  this  opinion  I  have  found 
myself  opposed  to  nearly  if  not  quite  all  known  authorities,  whether 
of  scientific  writers,  or  the  practical  European  cultivators,  whose 
reported  practices  and  results  have  been  quoted  as  evidence.  Under 
such  circumstances,  it  was  proper  that  my  grounds  should  be  care- 
fully reconsidered,  in  connexion  with  the  opposing  reasoning.  This 
has  been  done  ;  and  while  deeming  it  proper  to  yield  something  of 
the  breadth  of  my  previous  position  to  newer  and  better  information, 
and  while  ready  to  admit  the  previous  errors,  and  their  recent  cor- 
rection, I  have  still  to  maintain  my  former  opinion  in  its  most 
important  points.  And,  without  exception,  I  deny  the  counter 
opinions,  either  asserted  by  authors  of  high  reputation,  or  neces- 
sary deductions  from  their  assertions,  viz. :  that  calcareous  manures, 
though  long  continuing  in  soils,  still  are  liable  to  be  nearly/  exhausted 
by  waste  and  use  in  terms  of  say  twenty  or  thirty  years ;  and  that 
they  then  require  being  replaced,  and  may  be  so  repeated,  profitably, 
and  without  limitation  of  the  number. 

No  calcareous  manurings  made  by  man  can  possibly  be  old  enough, 
or  capable  of  being  clearly  enough'  traced  through  their  actual  pro- 
gress, to  afford  evidence  of  even  very  long  duration,  much  less  en- 
tire permanency  of  effect.  But,  however  weak  for  this  purpose, 
such  facts,  of  long  abiding  effects,  will  at  least  serve  to  rebut  the 
assertions  of  the  much  earlier  and  necessary  cessation  of  all  the 
effects  of  lime.  For  such  opposition  even  my  own  experience  of  un- 
abated effects,  from  applications  not  repeated,  now  extends  to  thirty- 
four  years.  Another  much  older  application  (stated  at  page  114), 
after  long  neglect,  and  under  the  worst  treatment  for  its  operation. 
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showed  visible  effects  at  the  end  of  sixty  years.  Lord  Karnes  men- 
tions a  particular  case  of  the  continued  beneficial  effects  of  an  ap- 
plication of  calcareous  manure  for  one  hundred  and  twenty  years 
(Grentleman  Farmer,  p.  266,  Edin.  Ed.),  and  even  Professor  John- 
ston, whose  reasoning  I  shall  have  mainly  to  oppose,  quotes,  with 
a;pparent  assent,  the  opinion  of  "an  intelligent  and  experienced 
farmer,"  that  certain  lands  in  Scotland  "would  never  forget  an 
application  of  forty  to  sixty  bushels  of  lime  to  the  acre." 

I  shall  take  from  the  Lectures  of  Professor  Johnston,  the  argu- 
ment in  support  of  the  temporary  continuance  and  operation  of 
lime  in  soils,  and  its  final  entire  loss  and  disappearance.  No  more 
able  advocate  of  the  opinions  I  shall  oppose,  nor  one  of  higher  au- 
thority, could  be  presented.  His  observations  on  lime  as  manure 
are  the  most  recent,  and  fullest  of  any  known ;  and  in  most  of  the 
points,  his  opinions  command  my  approval.  In  regard  to  this 
branch  of  the  subject,  his  views  are  as  follows : — 

"A  certain  proportion  of  lime,"  says  this  author,  "is  indispensable 
in  our  climate  to  the  production  of  the  greatest  possible  fertility. 
Let  us  suppose  a  soil  to  be  wholly  destitute  of  lime — the  first  step 
of  the  improver  would  be  to  add  this  indispensable  proportion. 
This  would  necessarily  be  a  large  quantity ;  and  therefore,  to  land 
limed  for  the  first  time,  theory  indicates  the  propriety  of  giving  a 
large  dose.  Every  year,  however,  a  certain  variable  proportion  of 
the  lime  is  removed  from  the  soil  by  natural  causes.  The  effect  of 
the  removal  in  a  few  years  becomes  sensibly  apparent  in  the  di- 
minished productiveness  of  the  land.  After  a  lapse  of  five  or  six 
years,  during  which  it  has  been  gradually  mixing  with  the  soil, 
the  beneficial  effects  of  the  lime  are  generally  the  most  striking ; 
after  this,  they  graduallly  lessen,  till,  at  the  end  of  a  longer  or  short- 
er period,  the  land  reverts  to  its  original  condition."  (^.  383,  384.) 
He  states  the  usage  in  Koxburgh  (Scotland),  where  most  lands 
are  leased  for  nineteen  or  twenty-one  years.  On  entering  upon  a 
farm,  the  new  tenant  begins  with  applying  240  to  300  bushels  of 
[unslaked]  quick-lime  to  the  acre,  and  continues  equal  progress 
with  his  rotation  of  tillage,  until  all  the  farm  is  limed,  within  the 
time  of  four  or  five  years.  He  then  continues  to  crop  without  more 
liming  for  fourteen  or  sixteen  years ;  when,  if  he  is  sure  of  remain- 
ing on  his  farm  for  another  lease,  he  begins  to  lirne^  again,  at  the 
same  rate  as  before.  The  author  speaks  of  no  limit  to  these  re- 
peated heavy  limings ;  and  therefore  it  may  be  fairly  inferred,,  that 
he  considers  the  repetitions,  and  the  alternations  of  full  supply  and 
disappearance  of  the  lime,  to  be  indefinite,  or  that  at  no  future  time 
will  such  repetitions  of  liming  cease  to  be  required.  Indeed,  such 
inference  is  unavoidable,  if  his  previous  statement  be' correct,  that 
land  "  reverts  to  its  original  condition,"  of  being  "  wholly  destitute 
of  lim'e."  In  such  case,  the  land  certainly  would  as  much  nQcd 
17* 
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lime  again,  as  if  it  had  never  been  applied  before.  Elsewhere  this 
author  speaks  of  twenty  years  as  the  ordinary  duration  of  heavy 
limings ;  and,  that  in  some  cases,  on  grass  land,  the  effect  lasted 
thirty  years,  (p.  396^^  "  A  heavy  marling  or  chalking  in  the  south- 
ern and  midland  counties  of  England  is  said  to  last  for  thirty  years, 
and  the  same  period  is  assigned  for  the  sensible  effects  of  the  ordi- 
nary  doses  of  lime-sand  in  Ireland,  and  of  shell-sands  and  marls  in 
several  parts  of  France."  (p.  396,  897.) 

There  is  no  subject  of  practical  agriculture  on  which  it  is  more 
difficult  to  gather  truth  from  thfe  evidence  of  alleged  facts  than  in 
regard  to  applications  of  calcareous  manures,  made  by  persons  hav- 
ing no  knowledge  or  conception  of  their  true  action.  ■  The  "  facts," 
as  understood  and  reported  by  the  most  truthful  men,  may  be  de- 
ceptions, and  lead  to  false  conclusions.  There  is  a  general  accord- 
ance in  the  practices  of  the  re-limings,  as  above  described,  and  the 
repetitions  of  my  own  early  marlings — yet  how  different  in  the 
causes  supposed  in  the  two  cases !  The  British  re-limings  are  re- 
quired because  the  first  dose  was  supposed  to  be  either  nearly  or 
entirely  gone,  "  and  the  land  had  reverted  to  its  original  condition, 
destitute  of  lime."  In  the  other  case,  the  lime  certainly  still  re- 
mained in  quantity,  and  was  believed  to  be  not  appreciably  lessened  j 
but  more  was  required  to  balance  and  combine  with  the  increased 
organic  matter.  Besides  these  two  causes,  supposed  and  real,  for 
land  needing  re-liming,  it  may  be  wanting,  and  more  than  one  re- 
petition, because  the  previous  dose  was  much  too  small  for  the 
then  wants  of  the  soil.  And  in  numerous  cases,  when  no  need 
truly  exists  for  more  lime,  and  when  indeed  the  land  has  been 
already  limed  too  heavily  for  its  condition,  but  is  exhausted  of  its 
organic  matter,  and  thereby  impoverished  by  severe  tillage,  still 
more  lime  is  sometimes  ignorantly  added,  and  uselessly  for  its 
resuscitation,  if  not  injuriously.  Yet  all  these  different  cases  of 
proper  and  improper  applications,  would  be  confounded  by  ordi- 
nary report.  And  all  that  we  can  be  sure  of  from  such  facts 
reported  to  and  published  by  Prof.  Johnston,  is  that  re-limings,  at 
intervals  of  twenty  or  more  years,  are  common  in  Britain ;  and 
that  sometimes,  or  generally,  they  have  done  good,  and  sometimes 
harm.  The  statements  of  experience  rarely  extend  so  far  as  to 
include  the  third  or  fourth  application.  When  these  shall  be 
known,  I  predict  that  there  will  be  found  many  cases  in  which  the 
last  application  is  in  excess,  and  will  do  more  harm  than  good. 
Yet,  strictly  in  accordance  with  the  views  of  Prof.  Johnston,  the 
fourth  or  the  hundredth  application,  after  proper  intervals,  would 
be  as  much  needed,  and  therefore  should  be  as  beneficial  as  the 
first. 

So  much  for  the  facts,  and  the  very  imperfect  knowledge  we  can 


SUPPOSED  REMOVAL   OP  LIME  PEOM   SOILS. 


199 


bave  of  them.  I  proceed  to  quote  the  author's  explanation's  of  the 
manner  in  which  he  infers  that  the  lime  is  lost  to  the  land. 

1.  "  A  oonsiderahle  quantity  of  lime,"  he  says,  "  is  annually 
temoved  from  the  soil  by  the  crops  reaped  from  it.  We  have 
ilready  seen  (Lecture  X.,  §  4,"  p.  221)  that  in  a  four-years'  rota- 
tion of  alternate  green  and  corn  crops,  the  quantity  of  lime  contained 
in  the  average  produce  of  good  land  amounts  to  149  lbs.*  This  is 
jqual  to  37.5  lbs.  of  quick-lime,  or  67  lbs.  of  carbonate  of  lime, 
Fper  acre]  for  each  year.  The  whole,  however,  is  not  usually  lost 
;o  the  land.  Part,  at  least,  is  restored  in  the  manure,  into  which 
a  large  portion  of  the  produce  is  usually  converted.  Yet  a  con- 
siderable portion  is  always  lost — escaping  chiefly  in  the  liquid 
manure  and  drainings  of  dung-heaps."  (p.  399.) 

Answer. — To  some  extent,  the  loss  of  lime  to  soil,  by  being  ta- 
ken up  into  the  crops,  is  certain  j  and  I  always  before  admitted  it 
expressly.  But,  on  the  author's  own  showing,  the  quantity  lost  in 
this  manner  is  very  much  smaller  than  would  appear  from  the 
above  statement,  if  received  without  examination.  The  table 
given  previously  in  the  "  Lectures,"  and  referred  to  above,  of  the 
amounts  of  various  inorganic  matters  abstracted  from  the  soil  by 
all  the  crops  of  the  ordinary  Norfolk  rotation,  in  four  years,  shows 
the  following  amounts  of  lime  so  lost  per  acre : — 


Lbs.Lime. 

Lime. 

Total. 

1st  Tear,  Turnips  (25  tons  of  roots),  contains  "1 
in  roots  and  leayes  J 

2d  Tear       /  ^^^^^^  ^^^  bushels),  grain,       . 
M  Xear,      j  gtr^w  of  same, 

3d  Tear      i  ^•'"'^'■'  ^  *°°  °^  ^^5"       • 
dtt  lear,     j  Rye  grass,  1  ton,     . 

Ath  Voo,.      /  Wheat,  (25  bushels),  grain,     . 
4th  )f  ear,     |  gtraw  of  same,        . 

45.8 

12.9 
63.0 
16.5 

7.2 

2.1 
1.5 

lbs.  145.4 

+3.6 

=149 

By  my  thus  presenting  separately  the  respective  quantities  of 
lime  taken  un  by  the  grain  alone,  barley  and  wheat,  which  may  be 
supposed  to  be  mostly  sold  and  removed  from  the  farm,  and  of  the 
turnips,  hay,  and  straw,  which  mostly  are  consumed  on  the  farm, 
and  the  lime  in  them  again  returned  to  the  fields  somewhere  in 
the  manure,  it  appears  that  the  total  loss  of  pure  lime  per  acre,  in 
four  years,  by  removal  from  the  farm  in  the  grain  crops,  is  only 
3.6  lbs. ;  and  annually,  the  average  (0.9  lbs.)  less  than  1  lb.  per 

*  This  is  stated  as  248  lbs.,  and  the  numbers  following  in  proportion. 
But  it  is  manifestly  by  mistake,  as  is  seen  by  the  table  referred  to  (in 
Leot.  X.),  and  by  which  I  have  corrected  the  sums  above.  The  difference, 
however,  does  not  materially  affect  the  argument  or  conclusion.  E.  B. 
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acre.  And  if  the  lime  abstracted  by  the  retained  straw  and  other 
home-consumed  crops  be  added  as  lost,  unfair  and  incorrect  as 
would  be  that  assumption,  the  whole  annual  loss  would  be  but 
37.25  lbs.  of  lime,  or  say  about  one  bushel  of  quick  and  slaked  lime. 
If  then,  300  bushels  of  quick-lime  had  been  applied,  or  as  much 
lime  in  marl,  it  would  require  the  total  removal  of  300  successive 
crops  (and  as  heavy  crops  as  those  above  stated)  to  take  away 
the  lime  applied.  If  considering  only  the  loss  of  lime  in  the 
grain,  that  annual  waste,  of  less  than  a  pound  per  acre,  would  re- 
quire 11,175  successive  and  as  heavy  crops  for  the  complete  using 
of  the  lime  applied.  In  the  one  case  or  the  other,  these  respect- 
ive quantities  of  lime,  annually  resupplied  to  the  land,  would  be 
enough  to  compensate  for  the  supposed  waste.  If  the  barn-yard 
and  other  organic  manures  of  the  farm  were  all  saved  and  applied 
in  time  regularly  to  every  part  of  the  fields,  then  less  than  a  pound 
of  lime  added  thereto  for  each  acre,  annually,  would  restore  the 
whole  amount  lost  in  the  sold  and  removed  crops.  This  is  very 
much  less  than  I  had  before  supposed,  and  admitted,  from  more 
imperfect  information  than  that  now  furnished  by  Prof.  Johnston. 
Boussingault  reports,  among  other  results  of  his  many  analyses, 
the  mineral,  or  inorganic  parts  composing  the  ashes  of  samples  of 
all  the  crops  of  his  five-field  rotation  at  Bechelbronn,  which  was 
referred  to  above,  for  a  different  purpose.  The  amount  of  each 
crop  to  the  acre,  throughout  the  rotation,  had  been  ascertained. 
And  having,  by  analysis,  determined  the  constituent  elementary 
parts  of  a  certain  quantity  of  each  product,  calculation  correctly 
showed  the  respective  quantities  of  these  constituent  parts,  in  the 
crops  of  each  year,  and  for  the  whole  rotation  of  five  years:  I 
will  extract  below,  from  two  of  his  tables,  the  statements  of  the 
average  crops  and  these  inorganic  parts,  which  were  taken  up,  and  may 
be  supposed  were  as  much  of  these  matters  as  the  crops  required. 
There  was  an  abundance  of  these  matters  in  the  soil ;  for,  besides 
the  natural  original  supply  in  the  manure  for  the  rotation,  there 
was  furnished,  of  each  inorganic  matter,  more  than  all  that  the 
crops  took  up.  Of  the  lime,  this  supply  in  the  manure  was  more 
than  quadruple  the  quantity  taken  up. 
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^S 

Acids. 

c^ 

AVERAGE  CROP  PER  ACRE,  ON 

i 

O 

4 

02 

cl 

1 

.      IHE    FIVE   FIELDS   OF   IHE 
ROTATION. 

Lbs. 

Minera 
stances 
crops. 

"-a 

i 

■^ 

a, 

e3 

.4 

J- 
o 

58 

■a 

6 

1.  Potatoes, 

11,733 

lbs.113 

13 

8 

8 

?. 

fi 

2.  Wheat,  lbs.  1231,        1 
A.  Wheat,  lbs.  1521,        / 

2,752 

50 

24 

1 

8 

15 

Wheat  straw,  of  same,  I 
2798,  3456,  / 

6,254 

358 

11 

4 

2 

30 

18 

34 

242 

8.  Clover  hay,      . 

4,675 

284 

18 

7 

7 

70 

18 

77 

15 

5.  Oats,       .        . ,       . 

1,232 

39 

6 

1 

3 

fi 

20 

Oat  straw  of  same,  . 

1,650 

60 

1^ 

2* 

8 

6 

U 

17 

24 

Turnips,  secondary  crop,  I 
after  wheat  of  4th  year,  / 

8,754 

50 

3 

5 

1 

5 

2 

19 

« 

According  to  this  statement,  during  the  rotation  of  five  years, 
the  total  amount  of  pure  lime  taken  up  by  the  potato  crop,  and 
three  grain  crops,  was  4  lbs.  The  turnips,  straw,  and  clover,  took 
up  120  lbs.  The  former  quantity,  equal  to  the  yearly  average  of 
0.8  lbs.,  is  all  that  may  be  supposed  to  be  removed  from  the  farm. 
The  latter,  of  24  lbs.  a  year  in  the  turnips,  litter  and  hay,  must  be 
returned  to  the  farm  in  manure.  Both  these  quantities  are  still  less 
than  by  the  foregoing  estimate,  quoted  by  Johnston.  Both  are  so 
minute  as  scarcely  to  be  appreciable;  and  all  such  loss  would 
scarce  deserve  consideration,  as  a  practical  matter,  but  for  the  false 
importance  which  has  been  given  to  this  manner  of  abstraction  of 
lime  from  land. 

The  ordinary  farm-made  manures,  with  some  purchased  peat- 
ashes,  compoised  the  manure  applied  by  Boussingault,  in  each  ro- 
tation ;  and  which  served  to  supply  to  the  soil  much  more  of  all 
the  mineral  parts  than  were  taken  up  by  the  crops  of  all  kinds. 
Of  course,  there  could  have  been  no  deficiency  of  supply  of  lime 
for  the  use  of  the  growing  plants,  nor  any  less  taken  up  by  them 
than  they  required. 

2.  Another  waste  of  lime  alleged  by  Prof.  Johnston  is  by  solu- 
tion in  rain  (or  other)  water.  He  says :  "  In  the  quick  or  caustic 
state,  lime  is  soluble  in  pure  water,  750  lbs.  of  water  serving  to 
dissolve  1  lb.  of  lime.  The  rains  that  fall  cannot  fail,  as  they  sink 
through  the  soil,  to  dissolve  and  carry  away  a  portion  of  the  lime 
so  long  as  it  remains  in  the  caustic  state.  Again,  quick-lime, 
mixed  with  the  soil,  speedily  attracts  carbonic  acid,  and  in  time 
becomes  -the  carbonate,  which  is  nearly  insoluble  in  pure  water, 
but  is  soluble  in  water  impregnated  with  carbonic  acid ;  and  as  the 
drops  of  rain  in  falling  absorb  this  acid  from  the  air,  they  become 
capable,  when  they  reach  the  soil,  of  dissolving  an  appreciable 
quantity  of  the  finely-divided  carbonate  of  lime  on  cultivated  fields. 
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,  Hence  the  water  that  flows  from  the  drains  upon  such  lands  is 
alw:ays  impregnated  with  lime,  and  sometimes  to  so  great  a  degree 
as  to  form  calcareous  deposits  in  the  interior  of  the  drains  them- 
selves. .  .  The  loss  of  lime  from  these  causes  cannot  he 
estimated,  and  must  vary  with  the  exposure  to  rains,  and  slope  of 
surface,  &o.  But  the  cause  is  universal  and  continually  operating, 
and  would  alone  therefore  render  necessary,  after  the  lapse  of  ye^rs, 
the  applications  of  new  doses  of  lime."  (p.  399.) 

Answer. — These  several  chemical  powers,  &c.,  are  fully  admitted. 
But  their  action,  under  usual  and  proper  conditions  of  limed  or 
marled  land,  must  be  very  limited,  even  when  any  such  agency  of 
waste  can  he  produced.  Caustic  lime,  as  stated  above,  may  be 
sparingly  dissolved  in  pure  water.  But  lime,  applied  as  manure, 
does  not  long  remain  caustic,  and,  after  ceasing  to  be  so,  is  no 
longer  the  least  exposed  to  this  particular  source  of  loss ;  and  marl, 
or  carbonated  lime,  is  not  at  all  so  exposed.  As  carbonate  of  lime, 
however,  and  while  so  remaining,  another  means  of  solution  is 
operating,  in  the  carbonic  acid  of  the  air.  But  the  quantity  of 
this  acid  is  so  small,  and  its  tendency  to  be  absorbed  by  water  so 
great,  that  a  very  light  rain,  or  merely  the  beginning  of  a  long  or 
heavy  rain,  must  bring  all  the  then  floating  carbonic  acid  to  the 
soil.  This  fluid  would  immediately  sink  into  the  pores  of  the  earth, 
with  its  dissolved  carbonate  of  lime,  if  any ;  and  there  be  preserved, 
either  mechanically  or  chemically  (by  further  and  speedy  combina- 
tion with  other  matters  of  the  soil),  so  as  to  be  very  little  if  at  all 
subject  to  removal  in  superfluous  water  before  being  saved  and  put 
to  use  as  manure  in  later-formed  and  more  fixed  chemical  combina- 
tions. This  particular  source  of  waste  cannot  apply  at  all  but  to 
lime  in  the  form  of  carbonate.  And,  according  to  my  previously 
expressed  views,  that  form  is  soon  changed  (with  moderate  and 
proper  dressings)  to  other  salts  of  lime,  or  combinations  with  the 
organic  parts  and  the  other  earths  of  the  soil.  In  such  case,  the 
last  considered  outlet  for  waste  is  also  closed ;  but,  possibly,  and 
as  Prof  Johnston  supposes  certainly,  others  are  opened,  and  will 
operate,  as  thus  : — 

3.  "During  the  decay  of  vegetable  matter,  and  the  decomposi- 
tion of  mineral  compounds,  which  take  place  in  the  soil  where  lime 
is  present,  new  combinations  are  formed  in  variable  quantities, 
which  are  more  soluble  than  the  carbonate,  and  which  therefore 
hasten  and  facilitate  this  washing  out  of  the  lime  by  the  action  of 
rains.  Thus  chloride  of  calcium,. nitrate  of  lime,  and  gypsum,  are 
all  produced — of  which  the  two  former  are  eminently  soluble  in 
water — while  organic  acids  [as  humic,  acetic,  &c.  &c.]  also  result 
from  the  decay  of  the  organic  matter,  with  some  of  which  the  lime 
forms  readily  soluble  compounds  (salts),  easily  removed  bv  water." 
(p.  399.)  ^ 
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Answer. — Admitted  fully,  as  to  the  supposed  chemical  changes, 
and  the  solubility  of  some  of  the  now  compounds.  But  these  new 
compounds  are  produced  only  so  long  as  the  lime  remains  either 
caustic  or  carbonated  in  the  soil,  neither  of  which  conditions  ex- 
tends beyond  a  few  years,  if  dressings  be  not  excessively  heavy, 
and  if  the  material  is  finely  divided  and  well  diffused  through  the 
soil ;  and  while  in  progress,  the  formation  of  these  acid  products, 
and  their  resulting  salts  of  lime,  must  be  so  extremely  slow  and 
g"radual,  that  probably  nearly  as  fast  as  produced  they  are  further 
oombiued  with  other  solid  matters,  and  secured  from  the  waste 
which  possibly  might  be  caused  by  their  solution  in  water.  Of 
course,  it  is  impossible  to  estimate  the  measure  of  this  supposed 
saving  process.  The  general  effects  are  inferred  from  the  known, 
unquestionable,  and  grand  results  of  thousands  of  years  old,  seen 
in  the  still  preserved  constituents  of  lime  and  of  fertilizing  organic 
matter  in  combination,  in  all  the  natural  moderately  calcareous  and 
rich  neutral  soils  known.  If  we  were  to  admit  the  full  operation 
of  causes  of  waste  of  lime,  as  supposed  by  Professor  Johnston,  then 
every  natural  and  moderately  calcareous  soil  must  long  ago  have 
lost  nearly  or  all  its  lime,  by  one  or  all  of  the  several  preceding 
operations  of  solution  and  removal.  And  if  deprived  of  the  lime, 
it  would  be  a  certain  consequence  (according  to  my  views)  that  the 
soluble  and  useful  organic  matter,  however  abundant,  under  ordi- 
nary circumstances  of  soils,  would  also  be  carried  off,  leaving  the 
uncultivated  land  throughout  the  world  destitute  of  both  lime  and 
organic  matter,  and  therefore  completely  and  hopelessly  barren. 
Such  results,  or  even  any  approaching  thereto,  ^re  unknown;  and 
their  possible  existence  is  as  much  opposed  to  all  known  facts  of 
natural  soils,  as  they  would  be  to  our  belief  in  final  causes  and  the 
all-benevolent  care  and  protection  of  his  works  and  creatures  by 
Almighty  Grod. 

But  however  strong  may  be  these  general  reasons  for  denying 
the  wasting  of  lime  and  its  resulting  salts,  there  is  a  particular 
chemical  power  asserted  by  recent  authority,  which,  if  true,  covers 
and  sustains  nearly  my  whole  ground  of  objection.  Professor 
Gardner,  in  his  late  work,  "  The  Farmer's  Dictionary"  (published 
1846),  in  the  article  "  Humus,"  refers  to,  as  a  known  and  undis- 
puted, chemical  truth,  that  the  humate  of  lime  is  nearly  insoluble 
in  water.*    Now,  though  the  humic  acid  is  but  one  of  four  or  five 

*  Of  the  fact  of  the  insolubility  of  humate  of  lime,  the  authority  of  Prof. 
Gardner,  or  of  any  recent  chemical  writer,  must  be  sufBoient.  But  I  would 
deny  his  deduction  from  that  property,  that  therefore  humate  of  lime  can- 
not directly  act  to  feed  plants.  Vegetable  life  can  exert  dissolving  and 
decomposing  powers  that  the  chemist  in  his  laboratory  cannot  imitate  or  ap- 
proach. If  the  property  of  insolubility  in  pure  water  rendered  any  substance 
necessarily  useless  as  a  direct  manuring  agent,  we  should  be  compelled 
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acids  of  3oa,  of  vegetable  origin,  which  chemists  have  recently 
ascertained,  the  humio  acid  is  by  far  the  most  frequent,  abundant, 
and  important  of  all.  Of  course  when  lime  is  applied  to  an  acid 
soil  (i.  c,  any  one  needing  the  chemical  action  of  calcareous  earth), 
the  most  abundant  resulting  salt  will  be  the  humate  of  lime,  which 
being  insoluble  in  water  (or  very  nearly  so),  is  entirely  secured 
from  the  waste  to  which  a  soluble  salt  might  possibly  be,  but  is 
not  necessarily  liable. 

4.  "The  ultimate  resolution  of  all  vegetable  matter  in  the  soil" 
continues  Professor  Johnston,  "  into  carbonic  acid  and  water,  like- 
wise aids  the  removal  of  the  lime.  For  if  the  soil  be  everywhere 
impregnated  with  carbonic  acid,  the  rain  and  spring  waters  that 
flow  through  it  will  also  become  charged  with  this  gas,  and  thus  be 
enabled  to^dissolve  so  much  the  larger  portion  of  carbonate  of  lime. 
Thus,  theory  indicates,  what  I  believe  experience  confirms,  that  a 
given  quantity  of  lime  will  disappear  the  sooner  from  a  field,  the 
more  abundant  the  animal  and  vegetable  m,atter  it  contains."  (p. 
399,  400.) — Answer. — First,  to  the  last  incidental  passage,  I  will 
merely  state  unqualified  dissent.  So  far.  from  the  quantity  of  vege- 
table matter  promoting  the  escape  of  the  lime,  it  would  tend  to 
prevent  such  waste,  if  otherwise  likely  to  occur.  According  to 
my  theory  of  the  action,  the  lime  and  vegetable  matter  in  soils 
combine  with  each  other,  and  with  other  parts  of  the  soil,  each  one 
thus  serving  to  retain  the  others,  if  otherwise  liable  to  waste. 

Whatever  may  occur  in  old  manure  heaps,  or  in  the  chemist's 
laboratory,  it  is  not  likely  that  much,  if  any,  vegetable  matter  in 
soil  (and  when  not  in  great  excess),  can  pass  through  all  the  va- 
rious stages  of  decomposition,  to  the  last,  that  of  being  resolved  into 
carbonic  acid  and  water.  Previous  changes  would  slowly  render 
the  parts  soluble,  and  fit  to  be  drawn  up  by  the  roots  of  plants ; 
and  probably  all  would  be  so  used,  so  that  very  little  reaches  the 
gaseous  state.  But  if  carbonic  acid  should  be  formed,  the  pro- 
duction would  be  very  slow,  so  that  the  results  would  be  all  required 
for,  and  taken  up,  by  plants  in  aid  of  their  support  and  growth, 
almost  as  fast  as  they  were  produced.  Thus,  there  would  be  but 
little  if  any  opportunity  for  the  alleged  waste  of  lime,  in  conse- 
quence of  the  organic  matters  in  the  soil  reaching  the  last  stage 
of  decomposition,  and  being  reduced  to  carbonic  acid  and  water.  ■ 

So  far,  the  sundry  particular  reasons  ofiered  in  support  of  the 
alleged  transitory  operation  and  existence  of  lime  in  soils  have  been 
opposed  by  particular  objections.  But  still  stronger  grounds  of 
objection  may  be  assumed  in  general  views,  which  will  now  be 
brought  forward. 


to  place  in  the  same  class  both  carbonate  and  phosphate  of  lime  entirely ; 
and  also  caustic  lime,  for  much  the  greater  part  of  the  bulk  of  an  ordinary 
application  as  manure. 
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Most  farmers  are  so  accustomed  to  consider  manures  as  being 
fleeting  in  their  operation  and  existence  in  soil,  as  are  the  ordinary 
putrescent  manures,  that  it  is  difficult  for  them  to  have  any  con- 
ception of  apy  kind  lasting  and  acting  for  ever.  And  this  difficulty 
of  conception,  stands  much  in  the  way  of  my  argument.  But,  how- 
ever little  used  by  farmers,  or  even  thought  of,  in  this  light,  it  is 
obvious  and  undeniable,  that  certain  mineral  manures  will  continue 
in  operation,  and  without  abatement  of  effects,  as  long  as  the  soil, 
or  the  habitable  globle  itself,  shall  exist.  Thus,  clay  is  a  manure 
for  sandy  soil,  serving  to  stiffen  and  compact  its  before  too  light, 
loose,  and  open  texture.  Sand  also  is  a  manure  for  stiff  clay  soils, 
serving  to  correct  their  tenacity  when  wet,  and  their  obduracy  when 
dry,  and  make  them  more  open,  light,  and  permeable ;  more  easy 
to  cultivate,  and  more  safe  for  production.  And  in  either  of  these 
manuring  operations,  it  is  self-evident,  and  not  admitting  of  ques- 
tion, that  the  continuance  of  these  manures,  and  their  good  effects, 
will  be  eternal. 

Carbonate  of  lime  in  soil,  whether  supplied  by  nature  or  art, 
like  sand  and  clay,  is  a  ponderous  earth,  and  but  to  small  extent 
liable  to  waste  or  loss  by  any  natural  agency.  It  is  insoluble  by 
water,  except  so  far  as  water  may  contain  carbonic  acid,  which 
renders  water  a  solvent  of  carbonate  of  lime.  But  this  impregna- 
tion of  water  in  soil  is  very  limited.  It  can  scarcely  occur  at  all 
except  in  the  usual  mode,  by  rain-water,  when  descending  through 
the  atmosphere,  absorbing  and  bringing  to  the  earth  the  very  small 
and  strictly  limited  quantity  of  carbonic  acid  in  the  lower  atmos- 
phere. Except  in  this  respect,  and  for  the  still  more  minute  and 
scarcely  appreciable  quantity  of  lime  taken  up  by  growing  plants,  (aa 
stated  above),  carbonate  of  lime  in  soil  would  seem  to  be  as  inde- 
structible, and  as  surely  abiding  through  all  future  time,  as  the  clay 
or  the  sand  which  might  also  have  been  given  as  manure,  or  other- 
wise held  as  natural  ingredients  of  the  same  soil.  As  rain-water 
always  brings  to  the  earth  some  carbonic  acid,  though  in  extremely 
small  quantity,  still,  to  that  small  extent,  the  carbonate  of  lime  in 
the  soil  is  liable  to  be  dissolved;  and  when  so  dissolved,  if  there 
were  no  counteracting  agencies,  some  of  the  dissolved  earth  might 
be  lost  (possibly)  by  filtration  through  the  soil,  or,  less  improbably, 
by  being  floated  off  from  the  surface,  in  the  flowing  away  of  any 
excess  of  rain-water.  But  there  are  counteracting  agencies  ope- 
Tating  to  prevent  the  loss  o£  lime  in  this,  and  also  in  other  soluble 
forms.  According  to  my  own  early  (and  then  unsupported)  views 
of  the  formation  of  acid  in  soil,  as  well  as  according  to  the  now 
received  general  opinions  on  that  subject,  the  carbonate  of  lime 
would  soon  begin  to  be  changed  to  other  salts  of  lime,  by  combina- 
tion with  other  acids  in  the  soil.  Some  one  or  more  of  these  newly 
formed  salts  might  be  much  more  soluble  in  water,  than  the  carbo- 
18 
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nate,.and  therefore  more  liable  to  be  wasted  by  rain-water  surcharg- 
ing the  soil.  This  result  can  neither  be  affirmed  nor  denied,  from 
any  positive  knowledge  of  such  facts,  or  of  the  chemical  changes 
necessary  for  them.  We  do  not  know  which  of  the  vegetable  acids, 
nor  how  many  of  them,  at  once  or  successively,  may  combine  with 
the  lime ;  and  therefore  cannot  know  what  other  salts  of  lime  will 
be  produced.  The  humate  of  lime,  which,  it  may  be  presumed, 
will  be  the  most  abundant  of  such  products,  is  difficult  of  solution 
by  water.  If  oxalate  of  lime  should  be  formed  (as  is  probable, 
where  sorrel  was  before  an  abundant  growth),  that  is  an  insoluble 
salt,  and  therefore  safe  from  this  manner  of  loss.  The  acetate  of 
lime,  another  probable  result,  is  easily  soluble  in  water ;  and  per- 
haps other  vegetable  and  soluble  salts  may  be  formed  in  soils, 
though  more  rarely  and  in  less  quantity  than  the  humate  and  oxa- 
late of  lime.  Besides,  there  are  other  soluble  salts  of  lime  named 
by  Prof.  Johnston,  and  quoted  above.  But,  however  little  may 
be  known  by  chemists  or  others  of  the  kinds  and  quantities  of  these 
salts  into  which  carbonate  of  lime  is  gradually  changed,  by  access  of 
different  vegetable  or  other  acids,  it  appears,  from  the  general  and 
abiding  effects  on  fertilization  and  production,  that  all  these  differ- 
ent salts  of  lime  continue  to  perform,  and  as  fully,  all  the  enduring 
functions  of  carbonate  of  lime.  For  when  a  soil,  after  having  been 
made  slightly  calcareous,  has  in  time  become  neutral  (and  of  course 
its  carbonate  of  lime  has  been  all  converted  to  other  salts  of  lime), 
the  soil  thereby  loses  none  of  its  so  acquired  fertility  or  value, 
through  any  succeeding  known  time.  This  could  not  he  the  case 
if  the  lime  in  its  new  condition  was  liable  to  certain  and  rapid,  and 
finally  complete  waste,  by  dissolving  and  escaping  waters.  In  a 
former  chapter  (pp.  96,  97,)  I  maintained  that  the  serviceable  and 
acting  lime  in  soil  (for  of  course  any  quantity  in  excess  is  not  so 
considered)  becomes  chemically  combined  with  the  organic,  or  ali- 
mentary manuring  principles  present,  and  all  these  with  other  earthy 
parts  of  the  soil.  Judging  from  the  abiding  effects,  and  in  regard 
to  neutral  soils,  it  may  be  safely  inferred  that  such  combinations 
occur  not  only  with  the  carbonate,  but  with  nearly  all  the  later 
produced  salts  of  lime,  resulting  from  the  carbonate.  And  if  so, 
such  combination  with  other  insoluble  and  permanent  matters  of  the 
soil,  would  render  as  fixed  and  permanent  even  the  salts  most  solu- 
ble and  liable  to  waste  when  alone.  Of  this,  I  will  state  an  ex- 
ample that  will  be  familiar  to  every  one.  Sulphate  of  iron  (copperas) 
is  easily  soluble  in  water ;  and,  if  alone,  would  be  soon  removed 
completely  by  the  dissolving  water  passing  away.  The  red  juice 
of  fresh  nut-galls  would  be  nearly  as  easily  taken  up,  and  washed 
off  by  water.  But  these  two  substances,  if  meeting  together,  would 
chemically  combine,  making  ordinary  black  ink ;  which  cannot  be 
washed  away  by  water  from  any  substance  to  which  it  is  attached; 
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nor  caa  either  of  the  before  soluble  parts  be  thus  taken  from  the 
other.  It  is  in  this  manner  that  lime,  even  in  its  soluble  forms, 
is  fixed  permanently  in  soils.  And  whether  in  this  manner,  or 
otherwise,  it  is  sufficiently  manifest  that  such  results  are  produced, 
by  reference  to  the  great  manuring  operations  of  nature,  unlimited 
as  to  both  space  and  time,  and  compared  to  Which  the  largest  ex- 
perience and  greatest  labours  of  man  are  as  nothing.  To  these  great 
operations  I  now  appeal  for  proof  of  the  long-abiding  and  unending 
benefits  of  calcareous  manures. 

Soils  naturally  supplied  with  lime,  in  proper  proportions,  are  as 
much  cases  of  calcareous  manuring,  as  if  performed  as  early  by 
agricultural  art  and  industry.  All  such  naturally  limed  lands, 
throughout  the  known  world,  have  always  been,  and  still  continue 
to  be,  among  the  most  valuable  and  fertile.  Such  lands,  in  Europe 
and  Asia,  remarkable  for  their  productiveness  thousands  of  years 
ago,  have  lost  nothing  of  that  character  to  this  day.  In  America, 
our  agriculture  is  comparatively  new,  and  therefore  our  historical 
proofs  of  such  facts  are  comparatively  limited.  But  even  in  this 
new  country,  the  rich  soils  of  the  valley  of  Virginia  have  continued 
to  bring  fine  crops  for  more  than  a  century.  And  no  one  acquaint- 
ed  with  these  and  other  similar  naturally  fertile  lands  has  ever 
doubted  that  they  will,  under  judicious  culture,  and  equal  circum- 
stances, maintain  their  present  superiority  over  other  poorer  lands, 
through  all  time.  Yet  these  fine  lands  owe  their  value  and  supe- 
riority to  their  natural  lime  constitution ;  and  their  continued  fer.! 
tility,  for  a  century,  is  but  the  effect  and  evidence  of  the  original 
liming  having  operated  as  long.  It  is  true  that  many  such  lands, 
in  this  country,  have  already  been  greatly  reduced  in  fertility  by 
long-continued  exhausting  cultivation,  which  has  been  used  to  take 
aa  much  from,  and  return  as  little  as  possible  to  the  soil.  But 
though  such  exhausting  tillage  is  capable  of  consuming  and  destroy- 
ing most  of  the.  organic  matter,  and  thereby  inducing  comparative 
barrenness  for  the  time,  yet  it  does  not  lessen  the  lime  ingredient 
and  quality,  nor  the  recuperative  powers  which  the  soil  derived 
from  the  lime ;  and  which,  if  left  again  to  act,  for  sufficient  time, 
will  restore  the  former  condition  of  productiveness.  Scourged  as 
such  soils  have  been  in  many  cases,  by  continued  exhausting  til- 
lage, they  still  show,  in  their  most  reduced  and  barren  condition, 
as  much  as  ever  before,  the  possession  of  the  peculiar  qualities  de- 
rived from  their  lime  ingredient.  When  such  soils,  by  time,  or 
cultivation,  shall  have  lost  their  dark  colour,  their  powei-  of  absorb- 
ing and  retaining  moisture,  and  of  retaining  putrescent  manures, 
and  their  peculiar  fitness  for  producing  leguminous  plants,  then, 
and  not  before,  it  may  be  asserted  with  some  plausibility  that  the 
salts  of  lime,  which  had  formerly  induced  fertility,  have  been  since 
entirely  lost  by  the  soil. 
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If  the  lime  in  soil  was  indeed  subject  to  waste  and  loss  in  the 
manner  and  to  the  extent  maintained  by  Prof.  Johnston;  the  ill 
consequences  would  necessarily  be  general,  and  so  disastrous  that 
there  could  be  no  possible  mistake  of  the  operation  and  its  results,  i 
Upon  his  own  premises,  the  actual  (and  always  admitted)  removal 
of  lime  from  the  soil  in  its  crops,  though  certain,  is  too  small  to 
be  appreciable.  It  is  a  theoretical  truth,  of  which  the  practical 
operation  is  imperceptible.  And  this  imperceptible  part  of  the 
alleged  loss  of  lime  is  all  that  is  caused  by  tillage  and  the  removal 
of  the  crops.  It  is  by  the  lime  (either  as  quick-lime,  carbonate,  or 
other  salts)  being  dissolved  in  water,  according  to  Prof.  Johnston's 
views,  that  the  great  loss  is  incurred,  and  that  all,  or  nearly  all, 
the  lime  furnished  for  manure  is  finally  lost,  and  within  not  very 
long  periods  of  time.  This,  the  great  cause  of  waste,  is  operating 
(as  asserted)  by  every  considerable  or  excessive  rain,  on  all  soik 
containing  lime,  and  through  aU  time.  This  operation,  too,  would 
not  be  less  sure  on  lime  existing  naturally  in  soils,  than  if  supplied 
as  manure,  and  as  thoroughly  incorporated  as  in  a  natural  calcarer 
ous  or  neutral  soil.  And  if  twenty  or  thirty  years'  operation  of 
the  solvent  power  of  rain-water  suffices  (as  asserted)  usually  to  re- 
move either  mostly  or  completely  the  lime  before  furnished  to  the 
land  as  manure,  then,  surely,  the  same  universally  operating  power 
of  rain-water  must  as  completely  remove  and  utterly  waste  any 
barely  sufficient  natural  ingredient  of  lime,  say  in  100  years.  So, 
all  lands  throughout  the  world,  moderately  and  properly  supplied 
by  nature  with  lime,  would  thus  have  lost  the  whole  thousands  of 
years  ago.  And  they  would  all  have  thenceforward  remained  thus 
destitute  of  lime,  until  being  re-supplied  by  man.  This  kind  of 
artificial  manuring  has  never  been  used  on  but  a  very  small  pro- 
portion of  aU  the  lands  of  the  world  under  tillage ;  and  even  on  such 
small  proportion,  for  but  a  short  portion  of  all  the  time  in  which 
tillage  has  been  in  use.  Of  course,  then,  on  all  other  lands  not 
containing  an  excessive  store  of  lime,  the  whole  of  this  essential 
ingredient,  in  every  form  of  combination,  should  be  entirely  want- 
ing ;  and,  therefore  (according  to  my  views  of  the  absolute  neces- 
sity for,  and  the  action  of  lime),  much  the  greater  portion  of  the 
surface  of  the  earth  would  have  been  thus  rendered  perfectly  barr 
ren.  For,  without  lime  to  combine  with  and  fix  organic  matter, 
there  would  be  nothing  to  retain  the  latter;  and  the  complete 
waste  of  the  lime  would  be  necessarily  followed  by  the  waste  of  all  the 
enriching  matter  in  the  soil,  and  the  inducing  of  complete,  sterility. 
The  known  fact  that  no  such  effects  are  produced,  or  any  even  ap- 
proaching to  them,  is  alone  sufficient  proof  that  the  waste  of  lime 
in  soil  cannot  occur,  as  supposed  by  Prof.  Johnston. 

Enough  has  been  said  in  opposition  both  to  the  alleged  fact  of 
the  natural  waste  of  the  acting  and  requisite  lime  jn  soU;  and  thp 
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supposed  manner  of  the  waste  being,  produced.  But  there  is  an- 
other connected  and  similar  subject  which  deserves  notice. 

The  salts  of  lime  are  not  all  the  salts,  nor  the  only  soluble  mat- 
ters, _  usually  present  in  soils.  The  inorganic  parts  of  plants, 
forming  their  ashes,  after  their  being  burnt,  consist  mostly  of 
various  salts,  not  only  of  lime,  but  also  of  other  bases,  as  magnesia^ 
potash,  soda,  &c.  These  salts,  of  course,  were  drawn  by  the  plants 
from  the  soils  on  which  they  grew.  .  From  their  being  universally 
present  in  plants  (so  far  as  known),  modern  chemists  have  inferred 
that  all  these  various  salts  are  essential  to  the  health,  if  not  to  the 
existence  of  the  plants,  and,  of  course,  essential  to  the  productive- 
ness of  the  soil  for  these  plants.  But  most  or  all  of  these  salts,  of 
magnesia,  potash,  soda,  &c.,  are  soluble  in  water,  and  some  very 
easily  soluble.  If,  then,  as  Prof.  Johnston  argues  as  to  lime,  water 
necessarily  dissolves  and  removes  whatever  soluble  salt  or  earth  is 
existing  in  soils,  I  would  ask  why  have  not  all  these  other  soluble 
matters  been  removed  from  all  soils  ?  These  are  present  usually 
in  much  smaller  proportions  than  lime  or  its  salts,  and  therefore 
could  be  more  easily  dissolved  and  removed.  That  no  such  com- 
plete loss  of  these  other  salts  has  been  produced  in  any  soil,  so  far 
as  known,  is  another  sufficient  reason  for  inferring  that  neither  is 
lime,  nor  its  more  soluble  salts,  likely  to  be  taken  away  from  the 
soil,  when  acting  usefully  as  fertilizing  matters,  by  the  solvent 
action  of  water.  This  view  of  the  case  is  still  stronger  in  another 
aspect.  Liming  in  England  and  Scotland  is  usually  renewed  (as 
stated  above),  or  requires  renewal,  in  twenty  years  or  thereabout. 
The  farmers  of  Norfolk  (England)  also  renew  their  heavy  marlings 
every  eight  years  or  sooner.  Hence  it  is  argued  that  the  calcareous 
manure  is  exhausted  in  some  such  limited  times.  But  the  other 
salts,  of  magnesia,  potash,  soda,  deemed  by  modern  chemists  as 
essential  to  soils  and  to  their  production,  are  almost  never  replaced 
by  artificial  applications,  or  by  design,  even  under  the  highest  and 
best  farming,  and  absolutely  never  (unless  by  rare  accident)  in 
ruder  culture.  Hence  it  would  seem  legitimately  deduced  from 
Prof.  Johnston's  reasoning  as  to  the  disappearance  of  lime,  that 
even  in  the  highly-limed  and  cultivated  lands  of  Britain,  the  other 
elements  of  fertile  soil,  all  deemed  as  essential  to  production  as 
lime,  ought  to  have  been  exhausted  long  ago.  On  nearly  all  other 
parts  of  the  world,  not  only  all  these  other  substances,,  but  also  the 
lime  itself,  ought  to  have  been  entirely  removed,  and  every  soil 
rendered  barren.  This  reduction  to  an  absurd  conclusion  would 
alone  be  enough  to  disprove  the  argument  I  oppose. 

Prof.  Johnston,  in  his  attempt  to  prove  the  transitory  existence 

and  operation  of  lime  as  manure,  has  committed  an  error  to  which 

scientific  men  who  treat  on  practical  agriculture  are  extremely 

prone.     This  is  to  suppose  that  matters  in  the  soil  act  with  and 

18* 
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are  acted  on  by  others  present,  as  they  would  in  the  chemist's 
laboratory.  In  the  soil,  there  are  many  other  matters  present,  and 
some,  perhaps,  whose  presence  is  not  suspected ;  and  very  complex 
and  extensive  and  varying  combinations  may  exist  of  various  mat- 
ters, whose  characters  and  powers  are  certainly  not  understood. 
But  while  denying  the  correctness  of  his  application  to  the  soil  of 
correct  and  unquestioned  chemical  laws  in  regard  tothe  known 
matters  and  agencies  under  consideration,  and  while  striving  to^ 
restrict  his  estimate  of  the  extent  of  the  operation  of  other  agencies, 
still  I  readily  admit  that  valuable  truth  and  good  instruction  are 
to  be  gathered  from  his  opinions  on  this  branch  of  his  subject. 
He  has  enabled  me  to  see  errors  in,  or  exceptions  to  the  extent  of 
my  own  first  opinion,  as  heretofore  stated.  That  opinion,  which 
claimed  absolute  permanency  for  all  the  lime  in  soil  (always  ex- 
cepting the  minute  portion  taken  up  by  plants),  and  Prof. 
Johnston's  opinion  of  the  great  waste  and  speedy  removal  of  all 
the  lime  used  as  manure,  were  both  carried  to  very  erroneous  ex- 
tremes. The  true  doctrine  will  be  found  between  those  extremes ; 
which  I  trust  that  I  have  now  reached,  and  will  endeavour  to 
.indicate. 

As  strenuously  as  formerly,  I  still  assert  and  maintain  the  per- 
manency of  lime  in  soil,  for  such  amount  of  quantity  as  is  at  the 
time  acting  chemically,  or  as  manure.  That  quantity  is  very  small, 
compared  to  what  is  in  some  highly  calcareous  soils — perhaps  not 
usually  more  than  1  per  cent,  of  the  whole  tilled  layer.  Yet  this 
small  quantity  performs  all  the  useful  manuring  functions  of  lime; 
.  and  any  excess  of  this  earth,  beyond  that  amount,  has  no  manuring 
or  beneficial  action.  It  is  merely  a  mechanical  earthy  ingredient — 
which,  if  large,  may  do  some  good,  or,  as  likely,  some  harm  by  its 
"presence  and  its  mechanical  bearing  on  the  texture  of  the  soil,  but 
is  not  in  the  least  a  fertilizing  agent.  Upon  any  such  surplus 
quantities  of  either  lime  or  carbonate  of  lime  in  soil  (and  perhaps 
also  some  other  salts  of  lime  not  required  by  and  combined'  with 
the  soil,  and  therefore  in  excess),  the  solvent  power  of  rain-water 
may  act,  and  the  lime  be  gradually  thereby  removed,  according  to 
the  operation  of  chemical  laws,  in  the  manner  stated  by  Prof. 
.Johnston.  But  with  regard  to  the  small  quantity  of  lime  required 
as  manure,  it  is  (according  to  my  original  views  before  presented, 
;p.  96)  combined  chemically  with  the  alimentary  organic  matter, 
.and  both  these,  with  the  soil  itself,  and  this  state  of  combination, 
lis  safe  from  solution  or  loss.  The  quantity  of  lime  which  may  be 
j-equired  and  used  as  manure  by  a  soil,  varies  at  different  times 
according  to  the  changes  of  condition.  The  more  putrescent  matter 
the  soil  receives,  as  manure,  the  more  lime  will  be  required  to 
vcombine  with,  preserve,  and  properly  utilize  the  organic  and  ali- 
mentary matter.     Any  excess  of  lime,  whether  bestowed  by  nature,. 


USEFUL  APPLICATIONS   TO   PRACTICE.  211 

or  as  manure  by  man,  beyond  the  present  wants  of  the  soil,  is 
only  of  value  so  far  as  being  there  ready  for  any  future  increased 
demand  of  the  soil,  and  so  may  supersede  the  necessity  of  another 
supply  being  required  as  soon.  Therefore,  however  active  may  be 
the  solvent  power  of  water,  and  however  rapid  the  consequent 
waste  of  the  excess  of  lime  in  the  soil,  the  operation  can  detract 
nothing  from  any  manuring  value  or  quantity  of  the  lime,  pre- 
viously and  theu  existing. 

The  statements  and  reasoning  of  Prof  Johnston  brought  to  prove 
the  waste  and  final  disappearance  of  all  lime  used  as  manure,  how- 
ever inconclusive  for  his  object,  furnish  important  truths  for 
practical  use.  "We  may  thence  deduce  additional  reasons  for  the 
impropriety  of  laying  on  at  once  too  much  marl  or  lime  for  the  then 
wants  of  the  soil ;  and  also  of  the  usual  unequal  diffttsion,  which 
serves  to  make  even  a  light  dressing  excessive  in  many  spots,  while 
entirely  wanting  in  others.  Not  only,  as  I  had  before  urged,  is  all 
such  excess  of  quantity,  whether  general  or  partial,  a  waste  of 
labour,  a  conversion  of  active  to  dead  capital,  and  the  causing 
danger  of  actual  injury  to  crops — ^but  further,  such  excess  of  lime, 
or  carbonate  of  lime,  is  subject  to  more  or  less  waste,  by  solution 
and  removal,  so  long  as  it  remains  superfluous,  and  not  required 
for  immediate  use  by  either  the  soil  or  growing  plants.  It  is  such 
excess  as  this  in  soils,  that  furnished  all  the  wasted  lime  found  by 
chemists  in  the  waters  discharged  by  drainage  from  limed  lands. 
Still  more  extensive  natural  operations  of  the  same  kind,  and 
stronger  proofs,  are  to  be  seen  in  all  lime-stone  and  highly  cal- 
careous regions.  The  rain-water  filtrating  through  such  rocks  and 
soils,  becomes  universally  and  highly  charged  with  lime ;  of  which 
a  large  portion  is  removed  and  lost  to  the  place  of  its  origin,  by 
flowing  oflF  into  sources  of  springs  and  streams.  Another  portion, 
by  filtration,  may  sink  deep  into  the  earth.  In  limestone  and  chalk 
regions,  indications  of  the  quantity  of  lime  dissolved  by  rain-water, 
from  the  rocks  and  soil,  and  carried  oflF  by  springs,  may  be  observed 
not  only  in  the  lime-impregnation  of  spring-water,  but  also  in  the 
deposition  of  travertine,  or  calcareous  tufa,  at  the  rapids  of  streams ; 
and  of  the  loss  by  filtration  in  the  stalactite  deposits  in  every 
cavern  of  the  earth. 

There  remains  to  state  one  other  manner  of  the  loss  of  lime  in 
soil,  which  is  mentioned  by  Prof.  Johnston,  and  also  other  authors, 
as  being  a  common,  if  not  a  general  result  in  England.  This  loss 
is  caused  by  the  tendency  of  lime,  which  has  been  applied,  to  sink 
below  the  upper  soil.  "  It  has  long  been  familiar  to  practical  men," 
'  says  Johnston,  "  that  when  grass  lands,  which  have  been  limed  on 
the  sward,  are  after  a  time  broken  up,  a  white  layer  or  band  of 
lime  is  seen  at  a  greater  or  less  depth  beneath  the  surface,  but 
lodging  generally,  where  it  has  attained  its  greatest  depth  between 
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the  upper,  loose,  and  fertile,  and  the  lower,-  more  or  less  impervious 
and  unproductive  soil.  In  arable  lands,  the  action  of  the  plough 
counteracts  this  tendency  in  some  measure,  bringing  up  the  lime 
again  from  beneath,  and  keeping  it  mixed  with  the  surface  mould. 
Yet  through  ploughed  land  it  sinks  at  length,  especially  where  the 
ploughing  is  shallow ;  and  even  the  industry  of  the  gardener  can 
scarcely  prevent  it  from  descending  beyond  the  reach  of  his  spade." 
(p.  397.) 

Such  results,  frequent  as  they  doubtless  are  in  England,  are  cer- 
tainly very  rare,  and  of  no  material  disadvantage  in  this  country. 
Indeed,  until  very  lately  (in  1851),  I  had  never  heard  of  any  such 
case.  But  then  I  learned  from  Mr.  John  A.  Selden,  that  he  has 
observed  this  effect  on  his  highly  improved  and  well  limed  farm, 
Westover.  I  had  before  inferred  that  this  sinking  of  lime,  in  its 
separate  and  pure  state,  could,  not  occur  except  where  it  had  been 
applied  in  excess — as  must  be  generally  done  in  the  usual  heavy 
applications  in  England;  and  that  it  was  only  the  excess  of  lime, 
which  the  soil  did  not  then  need,  and  with  which,  therefore,  the 
organic  matter  could  not  combine,  that  could  thus  continue  sepa- 
rate, and  sink  through  the  open  soil.  If  such  combination  had 
taken  place  (as  I  suppose  of  a  barely  sufficient  application),  of  all 
the  lime  with  the  organic  matter,  and  of  both  with  the  other  earthy 
parts  of  the  soil,  then  the  lime  could  not  separate  from  its  combi- 
nation, and  of  course  could  not  sink  alone.  Neither  could  it  carry 
with  it  the  other  matters  in  combination.  This  sinking,  it  seems, 
does  not  occur  with  marl,  or  other  "  impure  calcareous  manures," 
but  with  the  finely  powdered  burnt  lime  only.  When  breaking  up 
land  for  a  second  cultivation  subsequent  to  its  having  been  marled, 
I  have  often  seen  the  plough  bring  up  marl,  unchanged  in  appear^, 
ance,  from  the  bottom  of  the  furrow.  But  this  had  been  before 
turned  under  (when  first  spread)  to  that  depth,  and  had  not  been 
reached  and  intermixed  by  the  after  tillage.  Caustic  lime  is  applied 
in  England  very  heavily— often  as  much  as  300  bushels,  or  more, 
unslaked,  to  thfe  acre — and  repeated  at  intervals  of  about  twenty 
years.  And  these,  or  lighter  dressings,  must  often  occur  on  soils 
before  calcareous,  either  naturally,  or  made  so  by  previous  liming. 
In  either  of  these  cases,  I  would  deem  any  addition  of  lime,  how- 
ever small,  to  be  in  excess,  for  the  time ;  and  of  course  such  ex- 
cessive quantity  would  remain  uncombined,  and  therefore  subject 
to  waste.  In  this  country,  all  liming  has  been  given  in  compara- 
tively light  dressings,  and  very  rarely,  if  ever,  to  a  calcareous  soil ; 
and  therefore  it  was  rare  that  any  portion  of  the  lime  was  in 
excess,  and  consequently  remained  separate  and  uncombined.  And 
it  is  because  of  these  very  different  conditions  that  the  sinking  of 
lime,  an  effect  so  common  and  notorious  in  England,  should  be  so 


EECAPITULATION.  213 

uncommon,  and  not  to  be  counted  as  a  loss  or  disadvantage  in 
practice,  in  this  country. 

The  foregoing  reasoning,  and  the  conclusions  thereby  reached,  in 
regard  to  the  duration  of  calcareous  manures,  may  be  deemed  a 
continuation  of  the  subject  of  Chap.  VIII.,  "  on  the  mode  of  ope- 
ration by  which  calcareous  earth  increases  the  fertility  and  pro- 
ductiveness of  soils."  It  may  be  useful  here  to  recapitulate,  and 
bring  together  in  a  small  space,  the  main  positions  which  I  have 
asserted  and  maintained. 

1.  Besides  the  chemical  power  and  action  of  calcareous  earth  as 
manure,  to  neutralise  acids,  to  alter  and  improve  the  texture  of 
soils  and  their  relation  to  moisture,  and  also  other  beneficial 
agencies,  before  discussed  at  length,  the  principal  and  most  import- 
ant action  of  the  carbonate  and  other  subsequently  resulting  salts 
of  lime,  in  soils,  is  the  combining  with  organic  or  alimentary  ma- 
nures, and  also  with  other  earthy  ^arts  of  the  soil.  The  several 
matters,  so  combined,  are  rendered,  by  their  combination,  fixed  in 
the  whole  soil,  and  secure  from  waste — and  from  other  diminu- 
tion, except  for  the  supply  of  alimentary  matter  to  growing  plants. 
To  this  extent,  then,  and  with  the  exceptions  stated,  the  combined 
matters  would  be  permanent;  For  this  purpose,  and  to  the  extent 
required  by  growing  plants,  their  vital  forces  can  decompose  the 
combination  of  organic,  calcareous,  and  other  earthy  constituents, 
and  take  from  it  freely  the  parts  which  the  plants  require  from  the 
soil  for  their  support.  The  organic  part  of  the  compound  is  mainly 
drawn  upon,  and  diminished  by  growing  plants ;  the  calcareous  (or 
other  lime)  part  thus  furnishes  an  extremely  small  amount  only. 
Putrescent  matter,  if  again  supplied  to  the  soil,  will  replace  in  the 
combination  whatever  organic  matter  had  been  withdrawn  by  grow- 
ing plants.  It  the  soil  is  not  allowed  to  obtain  the  requisite  sup- 
ply of  organic  or  putrescent  matter, '  the  fertility  of  the  soil  will 
continue  to  be  reduced  by  growing  crops  gradually  exhausting  the 
previous  supply ;  although  the  lime  parts  of  the  soil  may  not  be 
appreciably  lessened.  If,  on  the  contrary,  putrescent  matter  shall 
be  furnished  to  a  calxed  soil,  or  be  permitted  to  accumulate  in  it 
by  natural  means,  in  greater  quantity  than  the  lime  parts  can 
combine  with,  more  lime  will  be  required. 

2.  If  without  such  state  of  combination  existing,  owing  to  the 
absence  or  insufficient  quantity  of  either  part,  the  excess  of  the 
other  part  would  be  subject  to,  and  continually  undergoing  waste. 
If  the  part  in  excess  was  the  putrescent,  or  _  organic,  it  would 
rapidly  and  entirely  be  removed  by  decomposition,  solution,  and 
other  natural  modes  of  its  waste.  If  the  excessive  matter  was  in 
lime,  whether  caustic,  or  carbonated,  or  as  any  other  soluble  salts 
of  lime,  this  also  would  be  gradually  dissolved,  and  lost;  and 
though  the  progress  of  such  waste  would  be  very  slow,  yet  in  the 


214  DURATION  OF  OaOANIC  MANUKES. 

course  of  long  time  it  might  be  very  considerable,  or  possibly  (as 
asserted  by  other  authority)  nearly  complete. 

3.  According,  then,  to  the  condition  of  excess  of  either  of  the 
parts  necessary  for  the  fertilizing  combination  above  stated,  either 
the  organic  matter  or  the  lime  in  soil  might  be  wasting,  and  the 
other  part  for  the  time  remain  fixed,  and  safe  from  diminution — 
always  excepting  the  portion,  large  or  small,  taken  up  by  and  re- 
moved in  the  crops. 

If  I  have  succeeded  in  establishing  the  foregoing  views  of  the 
permanent  operation  of  calcareous  manures,  it  will  involve  the 
strong  probability,  if  not  certainty,  of  another  result,  to  which 
assent  would  be  still  more  difficult  to  obtain,  without  good  reasons 
being  shown. 

Though  probably  all  observing  and  practical  farmers  would  be 
ready  to  admit  the  proposition,  that  the  natural  and  peculiar  quali- 
ties of  good  soils,  including  their  measure  of  productive  power,  are 
permanent,  (which  is  but  stating,  in  other  words,  that  the  good  effects 
of  calcareous  manures  are  permanent),  still  perhaps  few  would 
grant  the  possibility  of  permanency  of  effect  to  putrescent  manures 
also,  when  added  thereafter.  Yet  this  latter  proposition  is  as  legi- 
timate a  deduction  from  the  former,  as  the  former  proposition  is 
from  the  theory  which  has  TDeen  maintained  of  the  action  of  calca- 
reous manures.  The  attention  of  the  reader  is  requested  to  the 
argument  which  will  now  be  offered  to  sustain  this  important  de- 
duction. 

We  have  all  been  trained  to  consider  farm-yard  and  stable-ma- 
nures, dung,  and  all  vegetable  and  other  putrescent  matters,  when 
applied  to  soils,  as  having  temporary  effects  only,;  and  whether  the 
effects  lasted  for  but  the  first  crop,  as  on  acid  sandy  soils,  or  for 
four,  six,  or  even  eight  years  on  well  constituted  natural  soils,  still 
the  effects  were  truly,  as  usually  considered,  only  for  a  limited 
time,  and  would  at  some  period  be  totally  lost ;  and  the  ground  so 
manured  would  return  to  the  same  state  of  less  productiveness,  as 
of  the  surrounding  land,  previously  equal,  and  which  had  received 
no  such  manuring.  Such  views  are  almost  universal;  and  the  ut- 
most that  would  be  claimed  by  the  most  zealous  and  sanguine  ad- 
vocate for  extending  the  effect  of  such  manures,  would  be  a  protracted 
though  still  limited  and  temporary  duration  of  action.  And  the 
actual  results  would  always  accord  with  these  opinions,  (and  also 
with  my  theory  of  the  action  of  calcareous  manures),  both  on  good 
and  on  bad  soils,  before  making  them  more  calcareous.  All  natural 
soils  (not  excessively  and  injuriously  calcareous)  have  secured  by 
their  natural  powers  and  facilities,  and  have  had  fixed  in  them,  as 
much  alimentary  or  organic  matter  as  their  natural  ingredient  of 
lime  could  combine  with.  If  that  ingredient  had  been  very  small, 
the  soil  would  be  poor;  if  large,  and  not  so  large  as  to  be  hurtful, 
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then  the  soil  would  be  rich.  But  in  neither  case  would  there  be 
power  in  the  soil  to  combine  with  an  additional  supply  of  aliment- 
ary manure ;  and  if  such  were  applied,  it  would  be  exhausted  and 
pass  away,  rapidly  on  the  bad  soil,  and  more  slowly  on  the  ^oodj; 
but  certainly,  in  the  end,  on  both. 

Again,  suppose  the  soils  to  be  more  or  less  exhausted  by  scourg- 
ing cultivation.  Then  their  actual  amount  of  alimentary  matter 
would  have  been  reduced  below  what  their  respective  shares  of 
lime  could  combine  with  and  retain,  under  a  state  of  nature,  or  of 
mild  tillage.  Then,  if  alimentary  manures  were  applied,  so  much 
as  was  required  for  combination  by  the  lime  present  would  be  as 
permanently  fixed  as  if  the  priginal  fertility  had  never  been  ab- 
stracted ;  and  any  additional  quantity  and  excess  of  manure,  not 
being  so  combined  and  fixed,  would  be  totally  lost  in  more  or  less 
time,  as  in  the  previously  supposed  ease. 

Lest  these  propositions  may  not  appear,  because  of  their  novelty, 
perfectly  clear  and  unquestionable  to  every  reader,  an  illustration 
will  be  oflFered  which  can  scarcely  fail  to  induce  their  general  and 
ready  admission.  Suppose  a  cultivator  to  have  two  fields,  one  of 
bad  and  poor  soil  naturally,  and  the  other  of  the  best  natural  qua- 
lity— ^and  both  having  been  brought  under  cultivation  together, 
and  kept  under  the  same  rotation  of  crops  and  other  management. 
Suppose  further  that  the  equal  and  uniform  course  of  cropping 
has  been  such  (whether  taking  one  or  two  or  three  grain  crops  to 
one  year  of  rest  and  resuscitation),  that  both  fields  have  neither 
been  reduced  nor  increased  in  average  product,  since  brought  under 
regular  tillage ;  and  that  such  average  product,  when  of  corn,  is 
equal  to  10  bushels  per  acre  on  the  poor,  and  50  'bushels  on  the 
rich  soil.  Now,  these  difierent  products  are  derived  from  the  dif- 
ferent funds  of  alimentary  and  putrescent  manure  originally  sup- 
plied to  the  soil  by  nature,  (which  were  just  so  much  as  the  lime 
of  each  soil  could  combine  with) ;  and,  under  the  supposed  degrees 
of  exaction  and  relief,  counteracting  each  other  under  tillage,  the 
same  rates  of  product  may  be  obtained  for  ever.  And  the  yielding 
of  50  bushels  by  the  one  soil  operates  no  more  to  reduce  its  after- 
power  of  production,  then  the  yield  of  the  other  of  but  one-fifth  of 
that  amount  of  crop.  The  yield  from  each  soil,  at  and  for  the  time, 
is  certainly  so  much  reduction  of  its  productive  power  j  but  the  re- 
cuperative power  of  each  (to  seize  upon  and  retain  new  supplies  for 
fertilization,  drawn  from  the  atmosphere,  and  from  the  grass  and 
weeds  grown  and  suffered  to  decay  on  the  land,)  is  in  proportion 
to  the  yield ;  and  the  vegetable  growth  serving  for  manure,  and 
atmospherical  influences,  during  a  year  of ,  rest,  will  continually 
give  to  the  good  soil  the  renewed  power  of  producing  again  its  large 
crop,  as  certainly  as  to  the  poor  soil  the  power  of  still  continuing 
to  produce  its  small  crop.     It  is  not  that  the  natural  alimentary 
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manure  in  the  soil  is  not  taken  away  in  part,  by  the  growth  and 
removal  of  every  crop,  but  that  such  waste  is  continually  compen- 
sated by  new '  acquisitions.  And  whether  such  new  supplies  of 
alimentary  matter  be  furnished  in  part  during  every  day,  or  in 
every  year,  or  only  during  the  one  term  of  rest  in  the  whole  course 
of  crops,  the  practical  result  is  the  same,  of  the  natural  or  original 
amount  of  alimentary  manure  remaining  finally  undiminished. 

So  far  as  to  the  absolute  permanency  of  putrescent  or  alimentary 
manures  supplied  by  nature.  Next  let  us  see  whether  the  same 
reasoning,  and  also  experience,  so  far  as  yet  obtained,  do  not  ip 
like  manner  prove  the  permanency  of  putrescent  manures  applied 
after  calcareous  manures.  The  poor  soil  just  adduced  for  Ulustrar 
tion,  while  having  its  natural  alimentary  ingredient  and  its  natural 
supply  of  lime  thus  balanced  and  proportioned  to  each  other,  was 
supposed  to  produce  at  the  rate  of  10  bushels  of  corn  to  the  acre, 
and  to  remain  at  or  near  that  rate  of  productive  power.  Suppose 
then  marl  to  be  applied  in  such  quantity  as  would  give  enough  cal- 
careous earth  to  combine  with  twice  as  much  new  alimentary  mat- 
ter as  the  soil  before  held.  Suppose  further,  that  the  soil  so  marled 
is  not  left  to  draw  and  store  up  this  now  needed  stock  of  alimentary 
manure  by  its  newly  increased  power,  (and  as  would  be  done  in 
sufficient  time,  if  under  favourable  circumstances  of  tillage),  but 
that  so  much  putrescent  manure  is  applied  to  the  soil,  gradually 
and  judiciously,  as  can  be  combined  with  and  held  by  the  supply 
of  calcareous  earth  ;  and  that  such  addition  of  manure  gives  to  the 
soil  a  power  to  produce  30  bushels  of  com.  As  soon  as  this  com- 
bination is  completely  made,  the  soil  is  in  precisely  the  same  con- 
dition as  to  its  newly  increased  rate  of  product  of  30  bushels,  as 
before  to  that  of  10  bushels ;  and  the  new  and  larger  supply  of 
putrescent  manure  must  be  as  permanent  as  was  the  natural  and 
smaller  supply. 

But  it  is  not  contended  that  the  mere  application  of  vegetable 
or  other  putrescent  manure,  under  such  circumstances,  secures  the 
permanency  of  effect  of  all  thus  applied,  but  only  of  so  much  as 
can  be  and  is  combined  with  the  calcareous  earth.  And  many  cir- 
cumstances may  and  do  usually  obstruct  the  immediate  and  com- 
plete combination  from  taking  place.  To  insure  the  perfect  and 
full  result,  the  intermixture  of  the  calcareous  and  the  putrescent 
matters,  and  in  due  proportions,  must  be  perfect,  and  no  excess  of 
the  latter  must  remain  anywhere  in  the  soil ;  the  putrescent  mat- 
ter must  also  be  in  the  particular  state  of  decomposition  (whatev.^r 
that  may  be)  to  enter  into  combination ;  and  moreover  there  must 
be  enough  and  equally  diffused  moisture,  without  which  no  chemi- 
cal combination  can  take  place.  Now,  as  some  and  probably  aR 
these  conditions  must  necessarily  be  deficient  in  evei-y  case  of  ap- 
plying putrescent  matters  to  marled  land,  it  must  follow  that  much 
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of  the  manure  must  remain  uncombined  for  some  length  of  time ; 
and  during  that  time  is  as  liable  to  be  wasted  and  exhausted  as  if 
in  any  other  soil.  And  henee,  and  the  more  as  the  dressing  is 
lavish,  farm-yard  and  stable  manure  so  applied  must  be  expected  to 
yield  more  for  the  first  and  second  year,  while  the  excess  is  wasting, 
than  afterwards.  But  after  this  first  waste  and  exhaustion  has 
been  suffered,  whatever  of  the  manure  remains  to  the  soil,  say  for 
the  next  ensuing  rotation  at  latest,  must  be  fully  combined  with 
and  fixed  in  the  soil,  and  will  be  permanent  for  all  future  time, 
under  proper,  judicious,  and  also  the  most  profitable  course  of 
cropping.  This  first  waste  probably  cannot  be  entirely  prevented; 
but  it  can  be  much  lessened  by  care.  And  to  this  end,  putrescent 
manure  should  not  be  applied  heavily  at  once,  but  lightly,  and  re- 
peated subsequently,  and  should  be  well  scattered  and  equally  dif- 
fused over  the  ground.  Its  subsequent  decomposition  being  slow, 
and  the  products  being  gradually,  as  well  as  surely,  presented  to 
the  lime  diffused,  previously  throughout  the  soil,  will  also  tend  to 
remove  as  much  as  possible  of  the  manure  from  the  condition  of 
being  fleeting  and  wasting,  to  that  of  being  fixed  and  permanent. 

Next  let  us  see  how  far  facts  and  experience  sustain  this  reason- 
ing. It  is  conceded  that  the  time  since  marling  was  commenced  in 
Virginia,  and  since  correct  views  of  the  action  of  calcareous  ma- 
nures were  entertained  and  acted  on  in  any  case,  has  been  too  short 
to  furnish  decisive  proofs.  But  so  far  as  accurate  facts  can  thus 
be  referred  to,  they  fully  sustain  the  foregoing  doctrine,  not  only 
of  the  permanency  of  calcareous  manures,  but  also  of  putrescent 
manures  in  combination  therewith.  Some  of  these  facts  will  be 
mentioned  generally. 

However  much  in  accordance  with  the  theory  of  the  action  of 
calcareous  manures,  this  absolute  permanency  of  effect  given 
thereby  to  putrescent  manures  was  not  at  first  counted  on  or  ex- 
pected, and  was  not  known  until  it  was  forced  on  my  observation 
by  long-continued  results.  My  own  practice  is  not  only  the  oldest, 
but  is  all  that  I  can  refer  to  for  proofs.  And  until  all  my  marling 
was  completed,  and  indeed  for  some  time  after,  but  little  care  was 
used  by  me  to  make  and  apply  putrescent  manures.  This  culpa- 
ble neglect  was  the  result  of  the  habits  caused  by  the  disappoint- 
ments and  losses  experienced  in  manuring  long  before.  From  the 
same  ignorance  and  carelessness  in  this  respect,  no  experiments  on 
the  durability  of  putrescent  manures  were  made  until  long  after, 
and  then  injudiciously.  Thus,  in  experiments  4,  9,  and  11  (pp.  120, 
131, 134),  the  putrescent  manure  applied  was  in  quantity  much  too 
great  for  the  calcareous  earth  to  combine  with  at  once,  even  if  the 
recent  and  irregular  scattering  of  both  kinds  of  manure  had  not 
prevented  their  meeting  in  proper  proportions.  For  like  reasons,  of 
all  the  putrescent  manures  applied  on  the  farm,  and  since  larger 
19 
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quantities  have  been  used,  there  is  much  more  of  early  than  con- 
tinued effect.  Still,  so  far  as  known  and  believed,  there  is  always 
more  or  less  of  abiding  effect,  and  which  I  infer  will  be  permanent. 
But  wider  scope  for  observation  has  been  afforded  in  the  increas- 
ing productiveness  of  all  the  marled  lands,  kept  under  what  was 
deemed  not  too  frequent  tillage.  Neither  has  the  tillage  been  al- 
ways mild,  nor  the  rotation  uniform;  and  latterly  the  grain  crops 
have  been  made  more  frequent  than  before,  and  much  more  grazing 
permitted.*  Still,  even  where  no  prepared  putrescent  manures 
have  ever  been  applied,  and  putrescent  matters  have  been  furnished 
only  from  the  growth  of  the  land  itself  during  its  share  of  rest  in 
each  course  of  crops,  there  has  been  a  regular  increase  of  produc- 
tiveness of  the  grain  crops,  in  every  successive  rotation. — [1842.] 
In  one  connected  clearing,  of  what  I  found  as  poor  forest  land, 
now  making  85  acres,  the  marling  was  commenced  in  1818,  and  has 
been  continued,  as  the  successive  clearings  extended,  to  1841. 
The  earliest  effects  of  the  applications  were  always  satisfactory, 
but  they  have  regularly  and  largely  increased  with  time.  Thus, 
when  under  the  last  crop  of  corn  (in  1839),  the  crop  on  the  last 
finished  marling,  though  perhaps  thereby  nearly  doubled  in  pro- 
duct, was  obviously  and  considerably  less  than  that  of  four  to  six 
years  earlier — that  again  as  inferior  to  that  of  the  marling  of  ten 
to  fifteen  years — and  the  crop  on  the  marling  of  1821  and  earlier, 
decidedly  the  best  of  all,  under  circumstances  otherwise  equal.  For 
the  limited  time  of  twenty-three  years,  and  without  any  careful  and 
accurate  experiment  or  observation  having  been  made  for  this  special 
object,  there  could  not  well  be  stronger  practical  proof  of  the  per- 
manency of  the  vegetable  manures  stored  up  by  the  marl. 

If  we  keep  in  mind  the  mode  by  which  calcareous  manure  acts, 
its  effects  may  be  anticipated  for  a  much  longer  time  than  my  ex- 
perience extends.  Let  us  trace  the  supposed  effects,  from  the 
causes,  on  an  acid  soil  kept  under  meliorating  culture.  As  soon 
as  applied,  the  calcareous  earth  combines  with  all  the  acid  then 
present,  and  to  that  extent  is  changed  to  the  humate  and  other 
vegetable  salts  of  lime.  The  remaining  calcareous  earth  continues 
to  take  up  the  after  formations  of  acid,  and  (together  with  the 
salts  so  produced)  to  fix  putrescent  manures,  as  fast  as  these  sub- 
stances are  presented,  until  all  the  lime  has  been  combined  with 
acid,  and  all  their  product  is  combined  with  putrescent  matter. 
Both  those  actions  then  cease.  During  all  the  time  necessary  for 
those  changes,  the  soil  has  been  regularly  increasing  in  productive- 
ness ;  and  it  may  be  supposed  that,  before  their  completion,  the 

*  The  land,  however  much  improved  in  richness  hy  being  secured  from 
grazing  so  long,  had  in  consequence  become  too  "puffy"  for  wheat,  and 
also  full  of  insects  and  bad  weeds ;  for  all  which  grazing  at  some  proper 
time  of  the  rotation  Is  beneficial,  and  iadeed  essential. 
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product  had  risen  from  ten  to  thirty  bushels  of  corn  to  the  acre. 
The  soil  has  then  become  neutral.  It  can  never  lose  its  ability 
(under  the  mild  rotation  supposed)  of  producing  thirty  bushels ; 
but  it  has  no  power  to  rise  above  that  product.  Vegetable  food 
for  plants  continues  to  form,  but  is  mostly  wasted,  because  the 
Salts  of  lime  are  already  combined  with  as  much  as  they  can  act 
on ;  and  whatever  excess  of  vegetable  matter  remains  in  the  soil, 
is  kept  useless  by  acid  also  newly  formed,  and  left  free  and  noxious 
as  before  the  application  of  calcareous  earth.  But  though  this 
excess  of  acid  may  balance  and  keep  useless  the  excess  of  vegeta- 
ble matter,  it  cannot  affect  the  previously  fixed  fertility,  nor  lessen 
the  power  of  the  soil  to  yield  its  then  maximum  product  of  thirty 
bushels.  In  this  state  of  things,  sorrel  may  again  begin  to  grow, 
and  its  return  may  be  taken  as  notice  that  a  new  marling  is  needed, 
and  will  afford  additional  profit,  in  the  same  manner  as  before,  by 
destroying  the  last  formed  acid,  and  fixing  the  last  supply  of  vege- 
table matter.  Thus  perhaps  five  or  ten  bushels  more  may  be 
added  to  the  previous  product,  and  a  power  given  to  the  soil  gra- 
dually to  increase  as  much  more,  before  it  will  stop  again  for 
similar  reasons,  at  a  second  maximum  product  of  forty  or  fifty 
bushels.  I  pretend  not  to  fix  the  time  necessary  for  the  completion 
of  one  or  more  of  these  gradual  changes ;  but  as  the  termination 
of  each,  and  the  consequent  additional  marling,  will  add  new  pro- 
fits, they  ought  to  be  desired  by  the  farmer,  instead  of  his  wishing 
■that  his  first  labour  of  marling  each  acre  may  also  be  the  last  re- 
quired. Every  permanent  addition  of  five  bushels  of  corn,  to  the 
previous  average  crop,  will  more  than  repay  the  heaviest  expenses 
that  have  yet  been  encountered  in  marling.  But  whether  a  second 
application  of  marl  is  made  or  not,  I  cannot  imagine  such  a  con- 
sequence, under  judicious  tillage,  as  the  actual  decrease  of  the 
product  once  obtained.  My  earliest  marled  land  has  been  severely 
cropped,  compared  to  the  rotation  supposed  above,  and  yet  has 
continued  to  improve,  though  at  a  slow  rate.  The  part  first  marled, 
in  1818,  had  only  four  years  of  rest  in  the  next  fifteen;  and 
yielded  nine  crops  of  grain,  one  of  cotton,  and  one  year  clover 
twice  mowed.  This  piece,  however,  besides  being  sown  with 
gypsum  (with  little  benefit),  once  received  a  light  cover  of  rotted 
corn-stalk  manure.  The  balance  of  the  same  piece  of  land  (Exp. 
1)  was  marled  for  the  crop  of  1821 — has  borne  the  same  treat- 
ment since,  and  has  had  no  other  manure,  except  gypsum  once 
(given  in  the  natural  gypseous  earth  found  on  the  farm),*  in  1830, 
which  acted  well.  These  periods  of  twelve  and  fifteen  years  (even 
though  now  extended  to  and  confirmed  by  nine  years  more  of  ex- 
perience) are  very  short  to  serve  as  grounds  to  decide   i  n   the 

*See  accounts  of  this  bed  of  "gypseous  earth"  in  toI.  1  of  Fai-mers' 
Register,  and  of  its  effects,  in  success  and  failure,  in  vol.  10. 
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eternal  duration  of  a  manure.  But  it  can  scarcely  be  believed 
that  the  effect  of  any  temporary  manure,  would  not  have  been 
somewhat  abated  by  such  a  course  of  severe  tillage.  Under  milder 
treatment,  there  can  be  no  doubt  that  there  would  have  been  much 
greater  improvement. — [1842.] 

If  subjected  to  a  long  course  of  the  most  severe  cultivation,  a 
soil  could  not  by  such  course  alone  be  deprived  of  its  calcareous 
ingredient,  whether  natural  or  artificial :  but  though  still  calcare- 
ous, it  would  be,  in  the  end,  reduced  to  barrenness,  by  the  exhaus- 
tion of  its  vegetable  matter.  Under  the  usual  system  of  exhaust- 
ing cultivation,  marl  certainly  improves  the  product  of  acid  soils, 
and  may  continue  to  add  to  the  previous  amount  of  crop,  for  a 
considerable  time  ;  yet  the  theory  of  its  action  instructs  us,  that 
the  ultimate  result  of  marling,  under  such  circumstances,  must  be 
the  more  complete  destruction  of  the  land,  by  enabling  it  to  yield 
all  its  vegetable  food  to  growing  plants,  which  would  have  been 
prevented  by  the  continuauce  of  its  former  acid  state.  An  acid 
soil  yielding  only  five  bushels  of  com  may  contain  enough  food  for 
plants  to  bring  fifteen  bushels ;  and  its  production  will  be  raised 
to  that  mark,  as  soon  as  marling  sets  free  its  dormant  powers.  But 
a  calcareous  soil  reduced  to  a  product  of  five  bushels,  can  furnish 
food  for  no  more ;  and  nothing  but  an  expensive  application  of 
putrescent  manures  can  render  it  worth  the  labour  of  cultivation. 
Thus  it  is,  that  soils,  the  improvement  of  which  is  the  most  hope- 
less without  calcareous  manures,  will  be  the  most  certainly  im» 
proved  with  profit  by  their  use. 


CHAPTEK  XXin. 

GENERAL  OBSERVATIONS  ON  THE  VALUATIONS  OP  LANDS  AND 
THEIR  IMPROVEMENTS,  AND  THE  EXPENSES  AND  PROFITS  OP 
MARLING. 

Proposition  5 — concluded. 

At  this  time  there  are  but  few  persons  among  us  who  doubt  the 
great  benefit  to  be  derived  from  the  use  of  marl:  and  many  of 
those  who  formerly  deemed  the  early  practice  the  result  of  folly, . 
and  a  fit  subject  for  ridicule,  now  give  that  manure  credit  for  vir- 
tues which  it  certainly  does  not  possess ;  and,  from  their  manner 
of  applying  it,  seem  to  believe  it  a  universal  cure  for  sterility. 
Such  erroneous  views  have  been  a  principal  cause  of  the  many 
injudicious   and   even  injurious  applications  of  marl.     It  is  as 
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necessary  to  moderate  the  ill-founded  expectations  wHch  many 
entertain,  as  to  excite  the  too  feeble  hopes  of  others.* 

The  great  improvement  of  land  and  its  products,  to  be  caused  by 
marling,  and  its  long  duration,  if  not  absolute  permanency,  have 
been  established,  I  trust,  beyond  question,  by  the  foregoing  argu- 
ment and  proofs.  Still,  any  degree  of  improvement  may  be  paid 
for  too  dearly ;  and  the  propriety  of  the  practice  must  depend  on 
the  amount  of  its  clear  profits,  ascertained,  by  fair  estimates  of  the 
expenses  incurred. 

-  With  those  who  attempt  any  calculations  of  this  kind,  it  is  very 
common  to  set  out  on  the  mistaken  ground  that  the  expense  of 
marling  should  bear  some  proportion  to  the  selling  price  of  the 
landj  and  -without  in  the  least  underrating  the  effects  of  marl, 
they  conclude  that  the  improvement  cannot  justify  an  expense  of 
six  dollars  on  an  acre  of  land  that  would  not  previously  sell  for 
four  dollars.  Such  a  conclusion  would  be  correct  if  the  land  were 
held  as  an  article  for  sale,  and  intended  to  be  disposed  of  as  soon 
as  possible ;  as  the  expense  in  that  case  might  not  be  returned  in 
immediate  profit,  and  certainly  would  not  be  added  to  the  price  of 
the  land  by  the  purchaser,  under  present  circumstances.  But  if 
the  land  is  held  as  a  possession  of  any  permanency,  its  previous 
price,  or  its  subsequent  valuation,  has  no  bearing  whatever  on  the 
amount  which  it  may  be  profitable  to  expend  for  its  improvement. 
Land  that  sells  at  four  dollars,  is  often  too  dear  at  as  many  cents, 
because  its  product  will  not  pay  the  expense  of  cultivation.  But 
if  by  laying  out  for  the  improvement  ten  dollars,  or  even  one 
hundred  dollars  to  the  acre,  the  average  increased  annual  profit 
w«uld  certainly  and  permanently  be  worth  ten  per  cent,  on  that 
cost  of  improvement,  then  the  expenditure  would  be  highly  expe- 
dient and  profitable.  We  are  so  generally  influenced  by  a  rage  for 
extending  our  domain,  that  another  farm  is  often  bought,  stocked, 
and  cultivated,  when  a  liberal  estimate  of  its  expected  products, 
would  not  show  an  annual  clear  profit  of  three  per  cent. :  and  any 
one  would  mortgage  his  estate  to  buy  another  thousand  acres,  that 
was  supposed  fully  capable  of  yielding  ten  per  cent,  on  its  price. 
Yet  the  advantage  would  be  precisely  the  same,  if  the  principal 
money  was  used  to  enrich  the  land  abeady  in  possession  (without 
regard  to  its  extent,  or  previous  value),  with  equal  assurance  of  its 
yielding  the  same  amount  of  profit. 

Nothing  is  more  general,  or  has  had  a  worse  influence  on  the 
state  of  agriculture,  than  the  desire  to  extend  our  cultivation  and 
landed  possessions.  One  of  the  consequences  of  this  disposition 
has  been  to  give  an  artificial  value  to  the  poorest  land,  considered 

*  This  introductory  paragraph  was  prepared  for  and  first  appeared  in  the 
edition  of  1832,  to  which  time  it  was  especially  apjUoaWe. 
19* 
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merely  as  so  mucli  territory,  while  various  causes  have  concurred 
to  depress  the  price  of  all  good  soils  much  below  their  real  worth. 
Whatever  a  farm  will  sell  for,  fixes  its  market  value ;  but  hjno 
means  is  it  a  f^ir  measure  of  its  value  as  permanent  farming 
capital. 

The  true  value  of  land,  and  also  of  any  permanent  improve- 
ments to  land,  I  would  estimate  in  the  following  manner  :  Ascer- 
tain as  nearly  as  possible  the  average  clear  and  permanent  annual 
income,  and  the  land  is  worth  as  much  money  as  would  securely 
yield  that  amount  of  income,  in  the  form  of  interest — which  may 
be  considered  as  worth  six  per  cent.  For  example,  if  a  field  brings 
ten  dollars  average  value  of  crops  to  the  acre,  in  the  course  of  a 
four-shift  rotation,  and  the  average  expense  of  every  kind  neces- 
sary to  carry  on  the  cultivation  is  also  ten  dollars,  then  the  land 
yields  no  clear  profit,  and  is  worth  nothing.  If  the  average  clear 
profit  was  but  two  dollars  and  forty  cents  in  the  term,  or  only  sixty 
cents  a  year,  it  would  raise  the  value  of  the  land  to  ten  dollys ; 
and  if  six  dollars  could  be  made  annually,  clear  of  all  expense,  it 
is  equally  certain  that  one  hundred  dollars  would  be  the  fair  value 
of  the  acre.  Yet  if  lands  of  precisely  these  rates  of  profit  were 
offered  for  sale  at  this  time,  the  poorest  would  probably  sell  for 
four  dollars,  and  the  richest  for  less  than  twenty  dollars.  In  like 
manner,  if  any  field,  that  paid  the  expense  of  cultivation  before, 
has  its  average  annual  net  product  increased  six  dollars  for  each 
acre,  by  some  permanent  improvement,  the  value  thereby  added  to 
the  field  is  one  hundred  dollars  the  acre,  without  regard  to  its  for- 
mer worth.  Let  the  cost  and  value  of  marling  be  compared  by 
this  rule,  and  it  will  be  found  that  the  capital  laid  out  in  that  mode 
of  improvement  will  seldom  return  an  annual  interest  of  less  than 
twenty  per  cent. — that  it  will  more  often  reach  to  forty — and  in 
very  many  cases  will  exceed  one  hundred  per  cent,  of  annual  and 
permanent  interest  on  the  investment,  or  total  cost  of  the  marling. 
The  application  of  this  rule  for  the  valuation  of  such  improve- 
ments will  raise  them  to  so  large  an  amount,  that  the  magnitude 
of  the  sum  may  be  deemed  a  sufficient  contradiction  of  my  esti- 
mates. But  before  this  mode  of  estimating  values  is  rejected, 
merely  for  the  supposed  absurdity  of  an  acid  soil  being  considered 
as  raised  from  one  dollar,  or  nothing,  to  thirty  dollars,  or  more, 
per  acre,  by  a  single  marling,  let  it  at  least  be  examined,  and  if 
erroneous,  its  fallacy  exposed. 

If  the  reader  will  accompany  me  through  some  detailed  estimates 
of  values,  and  arithmetical  calculations,  in  regard  to  the  grounds 
of  which  we  cannot  differ,  the  truth  of  the  results  which  I  claim 
will  be  made  manifest,  however  startling  and  monstrous  they  may 
appear  to  some  persons  at  first  glance. 

Assuming  as  sound  and  unquestionable  the  grounds  for  estimat- 
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ing  the  intrinsic  value  of  lands,  as  stated  generally  above,  let  us 
illustrate  the  position  more  particularly.  The  principle  of  valua- 
tion is  that  the  land  is  worth  to  its  proprietor  and  cultivator  such 
sum  of  money  as  would  yield  in  annual  interest  the  same  amount 
as  the  net  annual  product  of  the  land,  after  paying  for  all  labour, 
attention,  expenses,  and  risks. '  Further,  to  simplify  the  calculation, 
and  also  to  suit  the  course  of  culture  to  the  more  general  practice 
of  the  country,  let  us  suppose  the  land  in  question  to  be  cultivated 
under  the  ordinary  three-shift  rotation,  of  1st,  corn,  2d,  wheat  (or 
oats),  3d,  at  rest,  with  no  grazing  when  the  land  is  poor,  atd  with 
but  partial  and  moderate  grazing  (or  mowing  of  clover)  when  im- 
proved or  rich. 

Then  suppose  a  field, of  the  poor  and  thin  soil  most  common  in 
lower  Virginia,  under  this  treatment  for  some  years  previously,  to 
produce,  on  the  general  average,  10  bushels  of  corn  to  the  acre, 
and  five  bushels  of  wheat,  or  its  equivalent  value  of  oats ;  and  the 
value  of  the  corn,  at  the  barn,  to  be  50  cents  the  bushel,  and  of 
the  wheat  $1.  And  let  the  joint  and  total  expenses  of  preparation, 
tillage,  seed,  harvesting,  thrashing,  &c.,  for  market  (or  for  home 
use),  and  of  superintendence  and  care  of  both  the  corn  and  wheat 
or  oat  crops,  be  counted  as  being  over  and  above  the  value  of  the 
offal  (stalks,  straw,  &c.)  of  the  crops,  by  $10  for  the  two  years. 
Then  the  full  statement  will  be  as  follows : 

First  year,  product  in  ODrn  per  acre,  10  bushels,  at  50  cents  .  $5 
Second  year,  wheat,  5  "  shels,  at  f  1  .  .  .  .  .5 
Third  year,  no  crop  or  money  product,  and  no  expense  .         .       0 

Total  product  of  the  three  years'  rotation  ....  $10 
Cost  of  cultivation,  &c.,  of  the  crops  .         •         .         .         .10 

Net  profit .-..•.•         •     ^^ 

However  wretched  may  be  the  foregoing  exhibition'  of  products, 
it  will  be  admitted  to  be  abundantly  liberal  by  all  persons  ac- 
quainted with  lower  and  middle  yirginia,  for  a  very  large  propor- 
tion of  the  cultivated  lands.  Yet  such  lands  might  sell  at  prices 
varying  from  $3  to  $6  the  acre ;  and  that  without  a  view  to  their 
being  improved,  and  even  before  calcareous  manures  were  thought 
of  as  means  for  improvement.  Yet  the  conclusion  is  evident,  that 
such  land,  no  matter  what  may  be  its  then  selling  price,  (or  specu- 
lative appreciation  sometimes  caused  by  the  effects  of  paper-money 
and  fraudulent  bank  issues),  is  worth  not  one  cent  for -cultivation, 
or  for  the  benefit  of  the  proprietor  and  cultivator.. 

Next,  suppose  the  land  in  question  to  be  properly  marled,  and 
at  the  unusually  heavy  expense  of  $7  the  acre.  This  rate  is  more 
than  double  the  usual  expense  for  a  full  and  sufficient  drosaing, 
when  the  marl  is  obtained  on  the  farm  where  applied.    Suppose 
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also  that  the  increase  of  products,  as  shown  in  the  second  course- 
of  the  rotation  (beginning  three  years  after  the  application),  ia 
equal  to  100  per  cent,  on  the  production  previous  to  marling.  This 
estimate  is  quite  low  enough,  as  all  experience  has  shown,  Upoa 
such  land,  and  so  treated,  thia  degree  of  increase  may  very  often 
he  obtained  upon  the  &st  crop  of  the  first  course ;  and,  even  if  no 
auxiliary  means  of  enriching  be  afterwards  used,  the  rate  of  in- 
crease will  be  more  and  more  for  each  of  sundry  succeeding  courses 
of  crops  thereafter.  Then  let  us  test  the  value  of  the  returns  by 
figures  as  before : 
First  year,  product  In  corn  per  acre,  20  Jbushels,  at  50  cents  .  $10 

Second  year,  wheat,  10  bushels,  at  $1 10 

Third  year,  clover,  most  of  it  left  as  manure  to  the  land,  and 
no  present  pecuniary  profit  counted  here  .         .         .         .00 

20 
Total  expenses  of  cultivation,  &c.,  as  before,  in  two  years      .    10 

Net  product,  or  clear  profit  of  cultivation  in  the  term  of  three 
years      ..........   ?10 

This  is  all  so  much  increase  of  net  annual  product  upon  the  pre- 
vious rate;  and  the  amount,  $3.33  yearly,  is  the  interest  (at  6  per 
cent.)  of  something  more  than  a  capital  of  $55.  And  therefore, 
according  to  these  grounds  of  estimate,  $55  per  acre  is  the  increase 
of  intrinsic  value  given  to  the  land  by  nf^ling  alone,  or  $48  the 
clear  gain  made  by  the  operation,  after  deducting  $7  paid  for  the 
marling  of  the  land ;  and  this  without  regard  to  what  might  have 
been  its  previous  intrinsic  value,  or  its  former  or  its  more  recent 
market  price.  The  more  rigidly  this  mode  of  estimate  is  scruti- 
nized, the  more  manifestly  true  will  be  found  the  results.  The 
premises  assumed,  in  the  supposed  efiFecta  and  profits  of  marling, 
will  not  be  objected  to  (unless  as  being  too  low)  by  any  person 
who  is  well  informed  by  practice  and  experience. 

But  there  is  one  important  apparent  omission  of  a  proper  charge 
in  the  last  statement  of  expenses.  This  is  the  increase  of  labour 
of  tillage,  harvesting,  &c.,  caused  by  the  crop  being  doubled  in 
quantity.  This  is  certainly  a  fair  ground  of  charge ;  and,  if  esti- 
mated alone,  would  serve  to  reduce  considerably  the  statement  of 
increased  net  product,  and  consequently  of  increased  value  of  land. 
But  there  were  also  omitted  sundry  items  of  increased  production, 
which  together  would  undoubtedly  much  more  than  compensate  for 
the  increase  of  labour  in  tilling  a  deeper  and  richer  soil,  and  in 
harvesting,  removing,  and  preparing  for  sale  or  use,  a  double  quan- 
tity of  crops.  These  items  of  gain  are,  first,  the  additional  offal, 
in  corn-stalks,  fodder,  and  shucks,  and  wheat  or  oat  straw  and 
chaff;  second,  the  limited  proportion  of  clover  grazed  or  mowed; 
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and  third,  the  further  gradual  increase  of  crops,  in  subsequent 
time.  Probably  the  first  class  of  items  alone  would  balance  the 
increased  expense  of  labour;  if  not,  the  addition  of  the  second 
(the  clover)  certainly  would  be  enough.  And  if  that  be  doubted, 
the  subsequent  annual  increase  upon  the  first  doubling  of  the  crops 
(which  only  is  estimated  above)  will  not  only  furnish  a  fund  to 
meet  any  such:  deficiency,  but  also  will  greatly,  and  beyond  any 
calculation  here .  attempted,  augment  the  whole  profit  of  marling, 
and  consequently  the  intrinsic  value  of  the  land  to  the  proprietor. 

I  admit  the  practical  diflSculty  of  applying  this  rule  for  estimat- 
ing the  value  of  land,  or  of  its  improvement,  however  certain  may 
be  its  theoretical  truth.  It  is  not  possible  to  fix  on  the  precise 
clear  annual  profit  of  any  farm  to  its  owner  and  cultivator;  and 
any  error  made  in  these  premises  is  increased  sixteen  and  two-third 
times  in  the  estimate  of  value  founded  on  them.  Still  we  may  ap- 
proximate the  truth  most  nearly  by  using  this  guide.  The  early 
increase  of  crops  from  marling  will,  in  most  cases,  be  a  full  equal 
increase  of  clear  profit,  (for  the  subsequent  improvement  and' the 
additional  oflFal  will  surely  pay  for  the  increase  of  labour) ;  and  it 
is  not  very  difficult  to  fix  a  value  for  that  actual  increase  of  crop, 
and  thereby  to  estimate  the  value  of  the  improvement,  as  newly 
created  farming  capital.* 

This  mode  of  valuing  land,  under  a  different  form,  is  univer- 
sally received  as  correct  in  England.  Cultivation  there  is  carried 
on  almost  entirely  by  tenants ;  and  the  annual  rent  which  any 
farm  brings,  on  a  long  lease,  fixes  beyond  question  what  is  its  an- 
nual clear  profit  to  the  owner.  The  price,  or  value  of  land,  is 
generally  estimated  at  so  many  "  years'  purchase,"  which  means  as 
many  years'  rent  as  will  return  the  purchaser's  money.  There,  the 
interest  of  money  being  lower,  increases  the  value  of  land  accord- 
ing to  this  mode  of  estimation ;  and  it  is  generally  sold  as  high  as 
twenty  years'  purchase.  My  estimate  is  less  favourable  for  raising 
the  value  of  our  lands,  as  it  fixes  them  at  sixteen  and  two-thirds 
years'  purchase,  according  to  our  higher  rate  of  interest  on  money. 

But  though  this  rule  for  estimating  the  true  value  of  land,  and 
of  the  improvements  made  by  marling,  may  be  unquestionable  in 
theory,  still  a  practical  objection  will  be  presented  by  the  well 
known  fact  that  the  income  and  profits  of  farmers  are  not  usually 
increased  in  proportion  to  such  supposed  values  of  improvements, 
nor  is  there  found  such  a  vast  disproportion,  as  this  rule  of  estimat- 
ing values  would  show,  between  the  profits  of  the  tillers  of  poor 
and  of  rich  lands.     These  positions  are  admitted  to  be  generally 

*  No  degree  of  uncertainty  in  the  application,  however,  detracts  from  the 
truth  of  this  rule.  For  if  the  annual  average  net  profit  derived  from  marl- 
ing be  considered  aa  an  unknown  quantity,  (re),  it  is  not  therefore  the  less 
certain  that  x  X  16f  =  the  increased  intrinsic  value  of  the  land. 
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well  founded — ^but  it  is  denied  that  they  inyalidate  the  previous 
estimates.  A  farmer  may,  and  generally  does,  obtain  less  gross 
product  from  a  large  or  a  rich  farm,  than  his  more_necessitous,  and 
therefore  more  attentive  and  economical  neighbour  gets  from  a 
smaller  or  poorer  farm,  in  proportion  to  the  producing  power  of 
each ;  and  even  the  same  persons,  when  young  and  needy,  have 
often  made  more  profit  according  to  their  means,  than  afterwards 
when  relieved  from  want,  and  having  lands  increased  to  a  double 
power  of  production.  These,  and  similar  facts,  however  general, 
are  only  examples  of  the  obvious  truth,  that  the  profits  of  land 
depend  principally  on  the  industry,  economy,  and  good  manage- 
ment of  the  cultivator ;  and  that  many  a  farmer,  who  can  manage 
well  a  small  or  poor  farm,  is  more  deficient  in  industry,  economy, 
or  the  increased  degree  of  knowledge  required,  when  possessed  of 
much  more  abundant  resources.  In  short,  if  these  considerations 
were  to  direct  or  influence  our  estimates,  we  should  not  be  compar- 
ing and  estimating  the  value  of  lands,  but  the  value  of  the  care 
and  industry  bestowed  on  their  management  by  their  proprietors. 

Another  objector  may  ask,  "  If  any  poor  land  is  raised  in 
intrinsic  value  (according  to  this  estimate)  from  one  dollar  to 
thirty,  by  marling,  would  a  purchaser  make  a  judicious  investment 
of  his  capital,  by  buying  this  improved  land  at  thirty  dollars  ?"  I 
would  answer  in  the  affirmative,  if  the  view  was  confined  to  this 
particular  means  of  investing  farming  capital.  The  purchaser 
would  get  a  clear  interest  of  six  per  cent.,  which  has  always  been 
deemed  a  good  return  from  land,  and  is  twice  as  much  as  all  lower 
Virginia  now  yields,  on  a  general  average  of  the  unimproved  lands. 
But  if  such  a  purchase  is  compared  with  other  means  of  acquiring 
land  so  improved,  it  would  be  extremely  injudicious;  because 
thirty  dollars  expended  in  purchasing  and  marling  suitaible  land, 
would  serve  both  to  acquire  and  improve,'  to  as  high  a  value,  five 
■  or  six  acres. 

The  immense  quantity  of  rich  and  low-priced  land  held  for  sale 
■by  our  government,  and  always  in  market,  and  the  flood  of  emi- 
•gration  thereby  drawn  from  the  old  states,   and  especially  from 
Virginia,  have  served  more  than  all  other  causes  to  depress  the 
selling  prices  of  our  lands,  and  to  discourage  their  being  improved. 
:So  long  as  rich  land  can  be  bought  in  any  quantity  for  $1.25  the 
acre,  though  it  may  be  under  forest  growth,  and  on  the  frontier  of 
-•eivilization,  there  will  be  thousands  of  improvident  or  adventurous 
landholders  in  the  old  states  always  striving  to  sell  their  impover- 
ished farms,  and  to  buy  new  settlements  in  the  west — rather  than 
resort  to  what  they  deem  the  slow  and  costly  means  for  restoring 
•  or  increasing  fertility.     And  though  very  many  others  now  believe 
that  it  is  far  more  profitable  to  improve  their  own  poor  land  than 
.to  emigrate  to  new  and  rich — and  act  upon  that  belief  in  buying 
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to  _improve,_  as  well  as  improving  the  land  held  previously— still 
their  very  limited  numbers  and  action  can  go  but  little  way  to 
lessen  the  excess  of  supply  of  land  offered  for  sale,  over  the  exist- 
ing demand  of  purchasers.  We  all  know  that  a  great  excess  of 
supply  over  demand  of  any  commodity,  no  matter  how  essential 
for  the  use  or  even  existence  of  the  consumers,  is  enough  to  reduce 
the  market  price  to  almost  any  extent.  Even  in  regard  to  corn 
which  every  man  requires  for  sustaining  life,  and  which  will  be 
wanting  by  every  one,  in  certain  and  known  quantity,  for  the  next 
as  well  as  the  present  year,  still  a  great  excess  of  supply  may  re- 
duce the  price  of  this  most  indispensable  commodity  to  one-third, 
or  even  one-tenth,  of  what  it  may  command  when  the  demand  as 
greatly  exceeds  the  supply.  The  market  prtce  of  Indian  com  in 
Virginia,  where  it  is  the  principal  grain  consumed  by  both  man 
and  beast,  has  frequently,  within  a  few  years'  time,  ranged  from 
40  to  100  cents  the  bushel,  according  to  the  preponderance  of 
supply  and  demand.  Indeed,  within  my  farming  life,  it  has  sold 
as  low  as  20  cents ;  and  at  another  time,  at  $2  the  bushel.  No 
matter  what  may  be  deemed  the  intrinsic  value  of  any  commodity, 
no  buyer  will  pay  for  it  even  half  that  rate,  so  long  as  eager  or 
necessitous  sellers  offer  the  like  to  him  for  a  fourth,  or  for  less. 
So  it  is  with  our  land.  Such  considerations,  and  the  existing  state 
of  our  land  market,  may  (and  ought  to)  operate  to  prevent  a  buyer 
from  paying  as  much  as  $10  for  the  land  which  under  different 
circumstances  of  market  price  he  would  gladly  buy  at  $50.  Yet 
in  both  cases  of  prices  so  different,  the  intrinsic  value  of  the  land, 
and  also  its  net  product,  might  be  the  same. 

The  excess  of  supply  over  demand  not  only  serves  to  depress  the 
selling  prices  of  both  good  and  improvable  lands  greatly  below 
their  true  and  productive  value,  but  also  it  acts  with  much  force  to 
repress  the  desire  for  and  prevent  the  results  of  improving  the 
land  in  possession.  For  whatever  may  be  the  productive  value  of 
any  improvements  of  land,  they  must  be  estimated  and  depreciated 
in  market  price  by  the  same  law  of  supply  and  demand  as  deter- 
mines the  selling  prices  of  other  lands  of  like  value.  Many  par- 
ticular farms  in  lower  Virginia,  by  marling,  have  been  doubled  in 
gross  product,  and  thereby,  perhaps,  increased  ten-fold  in  net  pro- 
duct and  in  true  intrinsic  value.  And  yet,  when  the  death  of  the 
proprietor,  and  the  consequent  division  of  his  estate,  or  other  causes, 
have  compelled  the  sale  of  guch  a  farm,  the  additional  price  ob- 
tained over  the  market  estimation  before  marling,  perhaps  has  not 
paid  even  the  small  cost  of  that  improvement.  Hence  arises  a 
great  discouragement,  at  this  time,  to  all  improvement  of  land  in 
Virginia,  which  acts  not  only  on  those  proprietors  who  look  f  irward 
to  a  future  sale  of  their  farms,- but  also  on  most  other  persons  who 
have  no  such  expectations. 
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But  the  principal  discouragement  to  the  proper  extension  of 
marling  proceeds  from  the  erroneous  and  exaggerated  estimates  of 
the  difficulty  and  cost.  Estimates  of  the  expenses  required  for 
marling  are  commonly  erected  on  as  improper  grounds,  as  those  of 
its  profits.  We  never  calculate  the  cost  of  any  old  practice.  We 
are  content  to  clear  wood-land  that  afterwards  will  not  pay  for  the 
expense  of  tillage ;  to  keep  under  the  plough,  land  reduced  to  five 
bushels  of  corn  to  the  acre;  to  build  and  continue  to  repair  miles 
of  useless  and  perishable  fences;  to  make  fkrm-yard  manure 
(though  not  much  of  this  fault),  and  api)ly  it  to  acid  soils ;  with- 
out once  calculating  whether  we  lose  or  gain  by  any  of  these  opera-' 
tions.  But  let  any  new  practice  be  proposed,  and  then  every  one 
begins  to  count  its  cost ;  and  on  such  erroneous  premises,  that  if 
applied  to  every  kind  of  farm  labour,  the  estimate  would  prove 
that  the  most  fertile  land  known  could  scarcely  d.efray  the  expenses 
of  its  cultivation. 

The  usual  injudicious  modes  of  conducting  marling  operation^ 
have  served  greatly  to  increase  the  actual  cost.  Some  farmers, 
even  after  some  years  of  such  work  and  experience,  still  waste 
nearly  or  quite  half  their  labour  so  employed.  Many  new  begin- 
ners, by  their  greater  mismanagement  and  consequent  loss,  are  so 
'  discouraged  as  to  be  stopped  almost  at  the  very  outset.  Thus,  a 
little,  but  insufficient  amount  of  experience  in  marling,  is  likely  to 
magnify  the  supposed  difficulties.  By  such  deficiency  of  judgment 
and  economy  in  directing  and  executing  the  labours,  marling  is 
often  made  very  costly.  But  so  it  would  be,  without  information 
or  experience,  with  any  other  new  farming  operation.  It  is  as  easy 
in  this  as  in  any  other  business  to  work  judiciously  and  economi- 
cally; and  if  so  conducted,  marling  (or  liming),  where  properly 
,  available,  will  be  found  the  cheapest  as  well  as  the  most  productive 
means  for  fertilization. 

The  expenses  of  particular  operations  of  marling,  or  liming, 
have  been,  and  of  others  may  be,  easily  and  correctly  ascertained. 
So  have  been,  and  may  be,  the  early  products  and  pro- 
bable abiding  profits  of  particular  applications.  But  these  two 
actual  results  cannot  be  fairly  combined,  so  as  to  indicate  in 
general  the  balance  of  profit  exceeding  the  expense.  For  the 
measure  of  increased  product  is  in  proportion  to  the  quantity  of 
marl  applied,  and  the  previous  want  of  the  land  for  the  application ; 
and  not  to  the  expense  of  that  application.  It  may  happen  that 
the  most  expensive  marling  may  be  on  land  so  little  requiring  that, 
improvement,  or  so  little  fitted  to  receive  such  improvement,  that 
but  small  benefit  is  produced.  In  other  cases,  whore  the  expense, 
of  marling  is  the  least,  because  of  great  facilities,  the  benefit  to  the 
land  may  be  the  greatest.  In  the  former  case,  of  maximum  labour 
and  minimum  increase  of  production,  the  net  profit  of  the  marling 
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might  not  exceed  10  per  cent,  per  annum,  on  the  cost— (though  I 
have  never  known  so  little,  from  unj  proper  application).  In  the 
latter  case,  of  minimum  expense  and  maximum  effect  of  marling, 
the  net  profit  might  be  200  per  cent,  per  annum  on  the  cost.  Most 
operations  would  be  much  within  these  extreme  results.  In  much 
the  greater  number  of  cases  of  my  own  labours,  and  of  all  others 
which  have  come  under  my  personal ,  observation,  and  were  con- 
ducted and  applfed  with  ordinary  judgment,  the  net  profits  have 
not  fallen  short  of  50  per  cent,  per  annum  on  the  expense,  for  the 
whole  time  which  has  elapsed  since  the  application.  How  long 
such  operation  may  continue,  and  whether  increasing  or  decreasing, 
I  leave  to  be  inferred  from  the  preceding  facts  and  reasoning,  in 
regard  to  the  duration  of  the  effects  of  calcareous  manures.  The 
grounds  of  this  belief  have  been  already  in  part  submitted,  in 
sundry  statements  of  particular  products,  the  results  of  particular 
applications.  The  expenses  of  particular  and  large  marling  opera- 
tions have  been  as  carefully  noted,  and  i^ill  hereafter  be  reported 
iiV  detail.  But  for  the  better  understanding  of  these  details,  and 
more  methodical  arrangement,  they  must  be  postponed  until  other 
explanatory  matters  shall  have  been  presented.  I  will  therefore 
here  merely  state  the  general  results.  In  four  extensive  marling 
operations,  on  three-different  farms,  under  different  circumstances, 
and  nearly  all  of  which  were  unusually  difficult  and  laborious,  the 
total  expenses  were  severally  142,  97i,  86,  a,nd  94  cents  for  the 
100  heaped  bushels  of  marl,  spread  upon  the  fields. 

Most  of  marling  labours,  under  ordinary  circumstances  of  facility 
and  difficulty,  ought  not  to  exceed  in  cost  $1  for  the  100  bushels 
of  marl  applied ;  while  the  ordinary  profits  thereon  will  well  repay 
an  expenditure  of  $6,  under  existing  circumstances ;  or  of  twice  or 
thrice  as  much,  if  lands  and  their  permanent  improvements  in 
Virginia  were  priced  according  to  their  producing  and  intrinsic 
value,  and  not  according  to  the  excess  of  supply  over  demand  in 
the  land  market. 

The  argument  in  support  of  the  several  propositions  which  were 
advanced,  and  have  been  discussed  through  so  many  chapters,  is 
now  concluded.  However  unskilfully,  I  flatter  myself  that  it  has 
been  effectually  urged ;  and  that  the  general  deficiency  in  our  soils 
of  calcareous  earth,  the  necessity  of  supplying  it,  the  profit  by  that 
means  to  be  derived,  and  the  high  importance  of  all  these  consider- 
ations, have  been  established  too  firmly  to  be  shaken  by  either 
arguments  or  facts. 

There  remain,  however,  and  will  be  presented  in  order.  Other 
important  makers  ;  which  though  not  necessary  for  the  mainten- 
ance of  the  series  of  propositions  which  have  been  argued,  and 
which  were  too  long  to  have  been  properly  included  in  that  discus- 
sion, are  not  the  less  deserving  of  consideration. 
20 


CHAPTEK  XXIV. 

OTHEE  FERTILIZING  POWERS  AND  EFFECTS  OF  CALCAREOUS  EARTH. 

When  stating  the  supposed  powers,  or  modes  of  operation,  of. 
calcareous  earth,  or  of  the  salts  of  lime  generally,  as  ingredients 
of  soils,  by  which  their  presence  caused  fertility,  and  their  absence 
or  great  deficiency  maintained  barrenness  (Chap.  VIII.),  no  power 
or  quality  was  named  which  had  not  been  either  inferred  in  ad- 
vance of  any  known  results  of  oalxing,  or  observed  in  natural 
soils,  or  otherwise,  soon  after  the  commencement  of  my  practical 
applications.  Also,  subsequently,  in  Chap.  XIX.,  when  either  re- 
capitulating, or  stating  for  the  first  time,  the  results  of  calxing, 
none  were  named  (unless  incidentally  and  slightly),  which  had  not 
been  obtained  from  my  own  practice,  or  by  personal  observation  of 
the  practice  of  intelligent  and  trustworthy  co-labourers  in  this 
mode  of  improvement.  There  remain  to  be  presented  other  or 
greater  effects  than  had  been  anticipated,  or  known  early  from  ex- 
perience ;  and  also  other  auxiliary  and  important  causes  for  such 
unexpected  measure  of  benefit  produced  by  calcareous  manures. 

My  own  early  practice  in  calxing  was  mostly  on  acid  soils.  The 
much-  smaller  surface  of  neutral  soils,  though  also  marled,  was  not 
observed  for  the  effects  through  a  course  of  years — nor  carefully,  by 
experiment,  for  less  time,  in  but  few  cases.  On  such  soils,  my 
theory  promised  no  early  perceptible  benefits ;  and  late  returns 
could  not  well  be  known  and  estimated,  except  from  large  surfaces, 
as  a  whole  field,  or  the  greater  part  of  a  farm. 

But  though  my  high  and  hilly  farm  of  Coggins  had  but  a  small 
proportion  of  neutral  soil,  most  of  the  lower  and  level  lands  on  the 
tide-water  of  James  river  consisted  principally  of  soil  of  that  kind. 
These  best  lands  of  the  lower  James  (as  of  all  the  other  tide-waters 
of  Virginia)  have  evidently  been  formed  by  the  deposit  of  alluvial 
earth,  subsequent  to  the  general  "  upheaving"  of  the  higher-lying 
and  greater  body  of  the  surrounding  lands  from  below  the  bottom 
of  the  ancient  ocean ;  yet  long  before  the  present  degree  of  eleva- 
tion of  the  general  surface  had  been  completed,  by  the  producing 
geological  causes.  These  ancient  alluvial  lands  are  always  low,  in 
comparison  to  the  adjacent  lands  of  different  and  earlier  formation; 
yet  so  much  elevated  above  the  present  greatest  height  of  the 
river,  that  they  have  as  little  of  the  characteristic  defects  of  "low- 
ground,"  as  if  not  of  alluvial  formation.  The  common  geological 
origin  of  these  lands,  and  their  common  sources  of  materials,  have 
served  to  give  to  them  a  general  uniformity  of  character   and 
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qualities,  though  with  considerable  variations  of  texture  and 
fertility.  ^  Such  were  the  natural  soils,  generally,  of  the  farms  of 
Sandy  Point,  Brandon,  Wyanoke,  Westover,  Eppes'  Island,  Jor- 
dan's Point,  Shirley,  Curie's  Neck,  and  smaller  parts  of  many 
other  lands  along  James  river.  Some  small  portions,  as  on 
Wyanoke,  were  so  sandy  as  to  suffer  loss  of  soil  from  high  winds, 
before  being  improved  by  lime,  which  stopped  the  further  progress 
of  that  injury.  Other  parts  are  made  objectionably  stiff  and  in- 
tractible,  by  containing  too  much  clay.  More  generally,  the 
texture  is  of,  or  approaches  to  medium,  or  is  between  the  extremes 
of  sandy  loam  and  clayey  loam.  The  surface  is  nearly  level,  but 
generally  is  very  slightly  undulating,  and  exhibiting,  in  the  direc- 
tion of  the  depressions  and  elevations,  the  course  and  degree  of 
violence  of  the  ancient  flood  of  turbid  water,  which  deposited  the 
soil,  and  also  thus  furrowed  the  surface.  All  such  lands  were 
originally  rich,  and  of  course  neutral;  but  nearly  all  had  been 
much  reduced  in  fertility  by  the  exhausting  and  bad  cultivation 
formerly  general  in  lower  Virginia.  A  large  proportion  of  these 
lands  were  of  that  peculiar  and  best  kind  of  soil  known  as  "  mu- 
latto," or  chocolate-coloured.  They  are  reddish  brown,  showing  by 
this  colour  a  considerable  ingredient  of  red  oxide  of  iron ;  while  the, 
darker  tint,  friable  texture,  and  growth  of  these  soils,  would  seem 
to  indicate  a  calcareous  character  and  constitution  formerly,  though 
none  have  been  known  to  be  more  than  neutral,  before  the  artificial 
calxing.  Before  this  improvement  on  all  the  best  of  such  soils, 
clover  would  grow,  and  gypsum  afeted  on  clover.  These  "  mulatto" 
soils  have  before  been  incidentally  mentioned  in  this  essay  ;  and 
more  particular  descriptions  of  several  of  the  best  tracts,  and  of 
their  recent  improvement  by  calxing,  were  published  in  different 
parts  of  the  Farmers'  Eegister.* 

Beasoning  from  the  modes  of  operation  ascribed  to  calcareous 
earth  in  Chap.  VIII.,  and  in  advance  of  all  experience  of  the  effects 
of  calcareous  manures  on  these  fine  neutral  soils,  I  had  not  sup- 
posed them  capable  of  deriving  much  benefit  from  that  mode  of 
improvement.  But  very  different  have  been  the  results.  The 
effects  of  calxing  thereon,  whether  by  marling  or  liming,  are  (as 
was  expected),  scarcely,  if  at  all,  perceptible  on  the  first  crop ; 
and  even  the  earliest  appreciable  benefit  is  as  nothing  compared  to 
the  speedy  and  wonderful  effects  on  acid  soils.  Still,  the  improve- 
ment is  not  long  in  becoming  manifest ;  and  within  the  first  round 
of  the  rotation  of  crops,  and  especially  when  clover  becomes  the 
growth  of  the  field,  the  benefit  from  the  previous  calxing  is  great, 
and  in  the  succeeding  grain  crops  is  amply  remunerating,  though 

*  As  of  Lower  Wyanoke,  Shirley,  and  Curie's  Neck,  in  vol.  i. ;  Westover, 
in  vol.  i. ;  Sandy  Point,  in  vol.  ix. ;  Brandon,  in  vol.  x. ;  besides  many 
other  slighter  references  to  these  or  other  similar  lands. 
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still  falling  much  short  of  what  it  will  reach  some  years  later.  AH 
these  flue  lands,  on  James  river  (owing  to  their  fresh-water  allu- 
vial formation),  are  destitute  of  the  marl  (of  fossil  sea-shells), 
which  is  so  generally  abundant  lying  under  the  adjacent  higher 
lands.  Still  nearly  all  have  been  covered  either  by  marl  water- 
borne  from  other  places,  or  by  lime  brought  from  Pennsylvania,  or 
burnt  from  purchased  oyster-shells.  The  percentage  of  increase 
in  the  crops,  even  after  the  full  effect  is  produced  by  caking,  is 
much  less  on  these  lands,  than  of  the  poorest  acid  soils.  But  the 
absolute  increase  of  crop,  and  also  the  profit  compared  to  the  ex- 
pense of  the  manuring,  on  these  neutral  and  especially  the  hazel  or 
"  mulatto"  soils,  after  some  years,  are  as  great  as  the  absolute  in- 
crease of  product,  and  the  profit,  on  any  acid  or  other  poor  soils. 
The  original  production,  and  even  the  much  reduced  production  of 
these  best  soils,  was  so  much  ,  higher  than  that  of  acid  soils,  that 
an  improvement  of  50  per  cent,  in  the  crops  of  the  former  may 
well  be  a  greater  absolute  incsease  and  profit,  than  an  increase  of 
100  or  even  150  per  cent,  on  much  poorer  lands. 

On  all  the  other  tide-water  rivers  of  Virginia,  there  are  flat 
lands  of  like  geological  formation,  and  having  general  resemblance 
to  those  of  James  river ;  while  all  such,  on  each  different  river, 
have  still  more  of  general  similarity  of  iiaracter  to  each  other, 
and  of  general  difference  from  such  lands  on  other  rivers.  Such 
results  might  be  inferred,  from  the  great  sources  and  materials  of 
the  ancient  alluvium  having  been  different  on  each  of  the  rivers. 
Such  lands  on  the  Pamunkey  river  are  the  most  extensive,  the 
most  elevated  (being  in  most  cases  full  30  feet  above  the  present 
level  of  the  river,  and  far  above  the  highest  freshes),  and  also  the 
most  valuable.  Not  much  of  this  land  is  as  clayey  or  was  as  rich 
originally  as  the  smaller  extent  of  best  lands  on  the  tide-water  of 
James  river.  But  for  ease  of  tillage,  and  cheapness  of  improve- 
ment by  marl,  and  for  profit  on  the  capital  and  labour  employed, 
no  lands  are  superior.  Since  the  beginning  of  1844,  I  have  been 
a  proprietor  and  cultivator  of  a  farm  of  this  description,  bordering 
on  the  Pamunkey  (Marlbourne) ;  and  within  the  next  seven  years, 
applied  marl  to  the  amount  of  nearly  370,000  bushels.  The  in- 
crease and  profits  therefrom  have  already  much  exceeded  my  pre- 
vious expectations ;  though  both  (from  the  lateness  of  the  manur- 
ings)  are  still  much  below  the  mark  they  will  reach,  when  time 
enough  shall  have  passed  to  bring  the  manure  into  full  operation.  It 
is  proper,  however,  to  state  that  the  marl  used  on  the  Pamunkey  flats 
is  the  green-sand  eocene — of  peculiar  character,  and  of  more 
than  the  beneficial  operation  of  mere  calx,  or  carbonate  of  lime. 
It  is  indeed  not  rich  in  calcareous  earth  (having  from  25  to  30, 
and  very  rarely  35  to  40  per  cent.);  but,  in  addition,  it  Contains 
some  gypsum,  and  a  considerable  proportion  of  green-sand.     And, 
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judging  from  the  effects  as  manure,  it  seems  probable  that  some 
phosphate  of  lime  is  also  present.  By  these  auxiliary  ingredients, 
added  to  the  main  source  of  fertility,  the  calx  of  the  manuring 
earth,  the  vigour  and  luxuriance  of  clover  is  peculiarly  promoted — 
beyond  any  effect  of  calxing  alone  known  elsewhere — and  the 
succeeding  wheat  crop  is  also  increased  in  proportion  to  the  clover- 
manure  grown  and  turned  under  to  prepare  for  the  wheat. 

Some  small  portions  of  the  Pamunkey  flats  are  of  close  and  im- 
permeable pale  yellowish  clay,  and  the  value  much  the  less  fbr  this 
objectionable  quality.  But  most  of  such  lands  are  of  light  sandy 
loam,  and  some  very  sandy.  Some  of  the  sands  are  of  mulatto 
soil,  and  some  gray,  and  even  approaching  to  acid  character.  No 
red  clay  soil,  or  sub-soil,  is  there  known. 

It  has  been  deemed  proper  to  speak  thus  fully  of  these  neutral 
soils,  and  their  improvement  by  caixing,  because  the  circumstances 
serve  most  clearly  to  establish  the  opinion  stated  formerly  (in  the 
edition  of  1842),  that  calcareous  manures  must  possess  some  other 
and  important  fertilizing  action,  besides  the  several  kinds  befote 
asserted  (in  Chap.  VIII.).  Of  these  several  powers,  neutral  soils 
did- not  require,  and  therefore  could  not  profit  by  that  of  neutraliz- 
ing acids;  nor  of  altering  the  texture,  absorbency,  &o.,  of  the  soil. 
Such  soil  had  already  been  provided  by  natural  constitution  with 
enough  lime  for  these  purposes.  Therefore,  the  only  other  fertiliz- 
ing property  there  claimed,  in  advance  of  experience,  for  calcareous 
earth,  that  of  combining  with,  preserving,  and  fixing  putrescent 
manures  in  soils,  was  all  that  could  be  counted  upon  to  improve 
neutral  soils.  But  this  slow  and  merely  conservative  action,  how- 
ever valuable  for  improvement,  could  not  possibly  be  the  sole  cause 
of  the  great  and  progressively  increasing  production  of  neutral 
soils,  which  was  manifest  within  a  few  years  after  their  being 
calxed ;  and  other  and  important  causes  had  evidently  been  operat- 
ing. And  although  the  circumstances  of  neutral  soils  led  more 
immediately  to  this  conclusion,  those  of  the  acid  soils  also  con- 
curred. As  was  intimated  in  former  editions,  on  all  soils  and  crops 
which  were  improved  by  calcareous  manures,  though  the  expe- 
rienced effects  were  strictly  in  accordance  with  the  theory  of  their 
operation,  they  seemed  in  measure  and  amount  to  surpass  their 
supposed  causes.  I  will  now  proceed  to  set  forth  other  auxiliary 
causes  of  fertilizing  action  and  power  of  calcareous  earth,  or  lime 
salts  generally,  in  soils ;  which  causes  have  been  suggested  by  or 
deduced  from  the  more  recent  lights  published  by  the  progress  of 
the  science  of  agricultural  chemistry,  and  in  part  are  the  results 
of  my  own  later  observations  or  experience.  The  most  important 
of  these  additional  powers  qt  operations  of  lime  in  soil  are  the 
following : 
20* 
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I.  Causing  the  more  rapid  decomposition  and  perfect  solubility 
of  vegetable  matters,  otherwise  inert  or  insoluble. 

II.  Enabling  either  the  soil,  or  the  plants  growing  thereon,  to 
draw  from  the  atmosphere  greater  supplies  of  manuring  or  aliment- 
ary principles,  viz. : 

1.  Carbon,  to  growing  giants; 

2.  Azote  (nitrogen),  from  the  atmosphere,  through  the  instru- 
mentality of  leguminous  plants; 

3.  Nitric  acid,  and  nitrates,  to  the  soil,  and  thereby  increasing 
the  supplies  oT  azotic  principles  to  growing  plants. 

III.  Giving  to  all  growing  plants  a  more  healthy  constitution, 
and  more  vigorous  vital  powers,  and  thereby  more  ability  to  with- 
stand dangers  and  injuries  of  all  kinds. 

These  several  branches  of  the  subject  will  be  discussed  in  the 
following  pages ;  and  so  far  as  they  admit  of  separation,  in  the 
order  stated. 

§  I.  Lime  and  Carbonate  (and  other  Salts)  of  Lime  render  Yege- 
table  and  Organic  matters  more  soluble. 

It  is  a  well  established  chemical  action  of  the  fixed  alkalies  pro- 
per (potash  and  soda),  on  vegetable  or  other  organic  matter,  to  render 
it  more  soluble,  and  thereby  more  speedily  and  effectually  to  reduce 
insoluble  and  inert  organic  manures  to  the  state  fit  to  be  taken  up 
by  the  roots  of  plants ;  and  enable  them  to  be  more  completely 
consumed  as  food  for  plants.  It  may  well  be  inferred,  from  the 
general  resemblance  of  chemical  properties,  that  this  solvent  action 
of  the  alkalies  proper  must  also  belong  to  the  alkaline  earths,  lime 
and  magnesia,  even  though  in  combination  with  carbonic  acid. 
That  caustic  or  pure  lime  preserves  this  solvent  power  was  stated 
previously  (page  103),  when  treating  of  its  manuring  action.  Like 
efi^eots,  as  exhibited  in  the  rapid  disappearance  of  leaves,  &c.,  on 
calcareous  and  neutral  soils,  were  also  stated  (page  98),  from  which 
effects  it  might  be  inferred  that  this  solvent  power  attended  lime  in 
all  its  ordinary  combinations  or  conditions  in  soil ;  though  perhaps 
then  exerting  this  power  more  slowly  than  either  caustic  lime,  or 
carbonate  of  potash.  These  well-known  effects  on  natural  soils, 
and  also  the  quicker  and  better  effects  of  unrotted  putrescent  ma- 
nures when  applied  to  calxed  lands,  I  had  ascribed  altogether  to  the 
indirect  action  of  calcareous  earth,  in  its  having  neutralized  the 
previously  existing  acid,  which  was  antiseptic,  and  prevented  or 
retarded  the  rotting  and  solubility  of  the  vegetable  matters.  But 
besides  this  indirect  action,  there  seems  good  reason  to  believe  that 
there  is  also  a  direct  solvent  power  exerted  by  salts  of  lime,  similar 
to  that  of  the  alkalies  proper,  and  their  salts,  or  combinations  with 
acids.  Kennie  and  Thaer  have  expressly  extended  this  known 
chemical  action  of  the  alkalies  proper  to  the  alkaline  earths,  even 
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when  in  the  state  of  carbonates.*  That  such  extension  is  correct 
is  further  confirmed  by  some  of  the  effects  of  calcareous  manures, 
as  adduced  by  Prof.  Johnston,  and  as  understood  by  practical 
limers  in  England.  He  says,  of  the  action  of  lime,  "  it  changes 
the  inert  vegetable  matter  in  the  soil,  so  as  gradually  to  render  it 
useful  to  vegetation  (p.  400) ;  and  further  (p.  401),  that  "  under 
the  influence  of  lime,  the  organic  matter  disappears  more  rapidly 
than  it  would  otherwise  doj  and  that,  after  it  has  thus  disappeared, 
fresh  additions  of  lime  produce  no  further  good  effect."  These 
results,  in  substance,  have  been  maintained  in  the  preceding  por- 
tion of  this  essay ;  but  were  ascribed  there  to  other  than  the  gene- 
ral solvent  action  of  calcareous  earth — which  I  would  now  suppose 
to  be  one  of  the  important  concurring  causes. 

According  to  the  treatment  of  the  land  while  this  solvent  action 
of  calx  is  proceeding,  through  a  course  of  years,  the  general  and 
final  results  will  be  either  injurious,  in  the  removal  and  destruction 
of  the  organic  matter  (as  stated  by  Johnston),  or  beneficial,  by  its 
being  stored  up  and  fixed  in  the  soil,  under  reverse  circumstances. 
If  the  system  of  cropping  be  continually  exhausting — taking  as  much 
as  possible  from  the  land  and  returning  nothing — then  the  lessen- 
ing and  disappearance  of  the  organic  matter,  whether  slowly  or 
speedily,  will  finally,  be  complete ;  and  equally  sure  will  be  the  so 
induced  and  almost  hopeless  subsequent  sterility  of  the  soil.  It  was 
upon  such  ignorant  and  destructive  cropping  as  this  that  was 
founded  the  often  quoted  old  proverb  in  England,  that  "  liming 
makes  rich  fathers  and  poor  sons."  And  this  saying  will  be  cer- 
tainly true,  if  understood  of  liming  (or  of  calxing  in  general), 
followed  by  continued  or  generally  exhausting  tillage ;  though  en- 
tirely false  if  followed  by  mild  meliorating  cultivation,  and  judi- 
cious management. .  Doubtless  there  were  formerly  in  England,  in 
times  of  ignorance  and  bad  farming,  numerous  oases  of  the  destruc- 
tive results  of  calcareous  manures;  and  it  is  much  to  be  feared, 
that,  from  as  ignorant  practice,  and  at  some  time  hence,  there  will 
be  many  such  results  in  this  country.     Some  such  have  already 


*  Both  passages  have  before  been  quoted,  in  reference  to  other  subjects. 
Bennie  says  of  insoluble  humic  acid,  that  it  "readily  combines  with  many 
of  the  substances  found  in  soils  and  manures,  and  not  only  renders  them, 
but  itself  also,  easy  to  be  dissolved  in  water,  which  in  their  separate  state  could 
not  take  place.  In  this  way  humic  acid  will  combine  with  lime,  potass, 
ammonia,  in  the  form  of  humatcs,  and  the  smallest  portion  of  these  [alka- 
line matters]  will  render  it  [the  humic  acid]  soluble  in  water,  and  fit  to  be 
taken  up  by  the  spongelets  of  the  root  fibres." — {Alphabet  of  Scientific  Gar- 
dening. ) 

Thaer  says — "It  is  well  known  that  with  the  acid  of  alkalies,  ashes, 
lime,  and  marl,  humus  may  be  deprived  of  its  acidity,  and  rendered  easily 
soluble."     (p.  538.) 
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been  produced;  and  many  more  are  in  progress,  in  spite  of  all 
warnings  of  the  danger. 

Thougli  Johnston  uses  the  word  "  lime"  alone  in  the  above  pas- 
sages, or  in  immediate  connexion  with  them,  it  is  evident  from  his 
ontext  that  he  meant  carbonate  of  lime,  or  such  condition  as  lime 
would  be  in  some  years  after  its  having  been  applied  as  manure;  and 
this  condition  would  certainly  not  be  that  of  caustic  or  pure  lime. 
If  admitting  to  the  fullest  extent  the  solvent  action  claimed  according 
to  his  views,  the  extreme  cases  would  stand  thus :  The  unrotted 
and  then  insoluble  organic  matter  in  a  soil,  which,  without  ealxing 
the  land,  might  require  (suppose)  twenty  years  gradually  and 
slowly  to  become  soluble  and  fit  for  use,  and  to  'be  used  by  plants 
as  becoming  fit,  might  otherwise  become  soluble  and  as  fit  for  feed- 
ing plants  in  the  course  of  ten  years,  if  in  soil  made  calcareous. 
In  the  former  case,  the  most  relentless  exhausting  tillage  could  not 
totally  consume  or  remove  all  the  organic  matter  in  less  than  twenty 
years,  because  it  could  not  be  used  or  exhausted  before  becoming 
soluble.  In  the  latter  case  it  might  be  done  (possibly)  in  ten 
years,  admitting  the  extreme  deduction  from  Johnston's  views ;  or 
according  to  mine  (if  allowing  for  the  preservative  as  well  as  the 
solvent  operation  of  calx),  all  the  first  existing  organic  matter 
might  be  used,  and  the  land  made  sterile,  say  in  fifteen  years. 
Supposing  further,  to  be  produced  but  an  ordinary  increase  of  crops 
from  the  calxiijg,  then  the  total  products  even  in  the  ten  and  fif- 
teen years  respectively  required  to  reduce  the  land  to  a  state  of 
unproductiveness  would  amount  to  twice  or  thrice  the  amount  that 
could  have  been  obtained  in  twenty  years  from  the  land  if  not 
calxed.  Thus,  even  in  such  extreme  and  similar  circumstances  of 
unmitigated  exhausting  tillage,  the  advantage  in  profit  would  still 
be  greatly  in  favour  of  the  calxed  land. 

But  why  should  we  waste  arguments  or  words  on  such  supposed 
cases  of  absurd  and  destructive  tillage,  pushed  to  tbe  extremity  of 
reducing  the  land  to  barrenness  ?  Whether  land  be  limed  or  not, 
a  continued  exhausting  course  of  tillage,  even  with  some,  but  in- 
sufficient intermission,  can  only,  sooner  or  later,  lead  to  the  same 
result  of  the  greatest  possible  exhaustion,  and  with  certain  eventual 
loss  to  the  proprietor. 

Even  if  nothing  be  allowed  for  the  important  preservative  action 
of  calx  (which  in  truth  would  hold  and  fix  all  the  organic  matters 
made  soluble,  until  they  were  used  by  growing  plants,  howevei: 
long  that  use  might  be  deferred),  still  I  would  deny  that  the  sol- 
vent action  of  calcareous  manures  would  be  of  itself  destructive  or 
injurious  to  the  future  productive  power  of  the  land.  It  is  indeed 
true,  that  the  fertilising  elements  thus  oifet-ed  so  readily  (by  earlier 
solution  of  inert  vegetable  matters)  might  be  so  much  the  more 
readily  wasted  and  exhausted  by  an  ignorant  and  improvident  cul- 
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tivator.  But  on  the  other  Jiand  they  might  as  readily  be  used 
profitably,  in  part  reinvested,  and  increased  by  partial  accumula- 
tion, while  still  producing  good  profit,  by  judicious  farming.  If  a 
merchant's  capital,  in  ships,  warehouses,  and  merchandise,-  could,  at 
any  instant  when  desired,  be  converted,  partly  or  wholly,  to  the  value 
in  ready  money,  surely  no  one  would  deem  that  facility  as  other 
than  an  immense  advantage  to  his  business  and  means  for  increas- 
ing his  wealth.  Or  suppose  that  the  merchant's  trade  with  remote 
countries,  usually  requiring  three  years  to  return  hi?  ventures  and, 
the  profits,  could,  by  some  change,  bring  the  like  returns  every 
three  months 3  would  any  one  contend  that  this  more  rapid  "turn- 
ing over  his  money"  would  be  a,  loss  to  him?'  Yet  both  facilities 
would  enable  him,  if  so  inclined,  so  much  the  sooner  to  spend  his 
income  and  his  capital  stock.  Just  so,  and  no  more,  is  the  farmer's 
land  necessarily  to  be  exhausted,  or  his  tota,l  income  apd  capital 
spent,  because  calxing  has  enabled  him  to  obtain  a  certain  amount 
of  income  in  half  the  time  previously  required;  or  even  to  draw  out 
his  whole  landed  capital  in  annual  income,  and  to  waste  the  whole, 
if  he  is  so  foolish  a  prodigal  as  to  take  that  course. 

In  truth,  if  but  a  small  proportion  of  the  new  pro,duots,  or  in- 
crease created  by  calxing,  be  given  back  as  manure  to  sustain  the 
productive  powers  of  the  land — whether  in  prepared  putrescent 
manures,  or  in  green  crops  used  as  manure,  or  merely  by  giving 
rest,  and  the  natural  growth  during  rest  to  be  left  on  the  land — so 
that  the  draughts  from  the  land  will  be  less  than  the  supplies  fur- 
nished to  it  from  all  sources,  there  will  be  no  continued  exhaustion 
even  in  the  slightest  degree,  n6  diminution  of  average  products — 
and  the  sons,  no  less  than  the  fathers,  may  be  made  rich  by  the 
operation  of  lime. 

On  all  cultivated  lands,  whether  rich  or  poor,  calxed  or  not, 
proper  considerations  of  farming  profit  alone  would  require  that  the 
crops  should  take  no  more  of  fertilizing  principles  from  the  land, 
than  are  restored,  and  exceeded,  if  possible,  in  the  returns  made  to 
the  soil.  In  making  these  returns,  bountiful  Nature  adds  three 
and  four-fold  to  all  that  the  farmer  can  give  in  manure  or  other 
improvement.  The  earth,  water,  and  the  air,  are  all  continually 
preparing  and  furnishing  manuring  principles  to  the  soil  and  to  the 
crops.  The  richer  and  better  constituted  the  soil,  or  the  more  it  is 
enriched  by  putrescent  manures  and  rest,  the  more,  and  in  a  far 
increased  proportion,  does  Nature  furnish'  in  addition,  other  aids 
to  resuscitation  or  increase  of  fertility.  Hence,  the  more  that 
the  farmer  gives  to  the  land,  the  more,  and  in  increased  pro- 
portion, will  it  return  to  him.  Therefore,  it  is  no  certain  course 
of  cropping,  and  of  intermission  or  melioration,  that  can  be  stated 
as  always  improving  the  fertility  of  land,  or  otherwise  exhausting 
it,-    The  results  of  a  certain  rotation  may  be  improving  to  a  good 
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and  rich  soil,  and  yet  would  be  exhausting  to  a  bad  and  poor  one. 
A  good  and  rich  soil  may,  in  some  cases,  yield  three  crops  of  grain 
in  four  years,  and  yet  improve  by  the  rest  and  self-manuring  (by 
its  own  vegetable  growth)  of  the  fourth  year  only — while  very  poor 
land  may  not  increase  its  scant  products,  though  cropped  but  one 
year  in  three.  Yet  the  rule  of  resuscitation,  and  its  working,  are 
alike  in  both  cases.  The  one-fourth  of  the  product  of  the  best 
soil  serves  to  give  it  more  manuring,  even  in  proportion  to  all  its 
large  crops  removed,  than  two-thirds  of  the  whole  product  of  the 
poorest  soil,  in  proportion  to  its  very  small  yield  for  consumption 
and  sale.  This  greater  supply  of  fertilization  to  a  good  soil  in 
shorter  time  is  not  altogether  in  the  mere  quantity  of  vegetable 
matter  furnished.  The  greater  part  probably  is  due  to  the  superior 
power  of  a  lime  soil  to  fix  and  so  retain  the  enriching  products  of 
vegetable  decomposition,  which,  on  an  acid  soil,  wanting  this  fixing 
power,  would  be  mostly  wasted.  This  is  another  illustration  of  the 
important  economy  of  calxing  all  lands  not  abundantly  supplied 
with  lime  by  nature. 

The  allowing  to  land,  after  having  been  marled  or  limed,  a  due 
share  of  rest,  from  tillage,  so  as  to  permit  its  being  manured  by  its 
own  growth  during  the  times  of  rest,  even  if  not  essential,  would 
be  one  of  the  most  important  of  the  accompanying  benefits  to  the 
farmer;  for  by  such  means  of  furnishing  the  necessary  supply  of 
organic  or  putrescent  matters  to  the  soil,  the  same  value  of  manur- 
ing is  given  at  very  far  less  expense  than  if  by  manures  artificially 
prepared  in  the  stables  and  barn-yard.  Highly  valuable  and  im- 
portant as  are  the  latter,  and  more  especially  profitable  to  the 
calxing  farmer,  still  their  amount  is  limited  by  the  measure  of  both 
the  supply  of  materials  and  of  labour  to  be  given  for  preparing  and 
applying  the  manure.  But  to  manure  a  field  by  its  own  growth, 
requires  very  little  more  than  to  let  it  alone.  If  merely  left  a  year 
untilled  and  ungrazed,  an  important  gain  is  secured  without  any 
cost  of  labour  or  material.  And  if,  as  part  of  a  proper  rotation, 
to  the  resting  there  is  added  the  seeding  of  the  land  in  clover,  or 
any  suitable  leguminous  growth  for  green  manuring,  the  additional 
benefit  will  be  much  more  than  the  additional  expense. 

This  essential  and  also  highly  profitable  accompaniment  to 
liming  or  marling  is  precisely  the  condition  which  is  most  gene- 
rally objected  to  by  those  who  wish  to  begin  such  improvements — 
and  the  most  frequently  neglected  by  those  who  have  already 
limed  or  marled.  In  the  reasoning  of  the  one  class,  and  the  prac- 
tice of  the  other,  it  seems  to  be  required  that  calxing  shall  do 
everything  for  fertilization  and  production,  without  aid,  and  be 
proof  against  all  powers  of  exhaustion  and  destruction  by  tillage. 
And  if  such  unreasonable  demands  be  pronounced  impossible  to  be 
complied  with,  it  serves  with  many  as  sufficient  ground  to  deem 
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the  use  of  calcareous  manures  unprofitable ;  or  if  already  used,  to 
charge  to  them  the  subsequent  deterioration  or  exhaustion  of 
the  land  which  had  been  allowed  neither  sufficient  rest,  nor  returns 
of  putrescent  matters. 

In  the  year  1843,  when  acting  as  Agricultural  Surveyor  of  South 
Carolina,  my  most  earnest  effort  was  to  induce  the  planters  to  make 
proper  use  of  marl ;  which  is  there  more  rich,  more  abundant,  and 
more  easy  of  access  through  a  large  portion  of  that  state  than  a 
stranger  can  well  conceive,  and  of  which  almost  no  use  had  then 
been  made.  Gov.  Hammond  and  a  few  others  made  the  only  ex- 
ceptions to  this  general  neglect ;  which  cases  of  exception  were 
stated  in  the  "  Eeport  of  the  Agricultural  Survey  of  South  Caro- 
lina." My  failure  then  to  persuade  more  than  a  few  .planters  to 
try  this  richest  and  also  cheapest  of  means  for  fertilization,  and 
the  neglect  to  use  these  means  which  still  continues  very  generally 
in  South  Carolina,  were  mainly  owing  to  the  required  condition  of 
giving  due  rest  and  vegetable  growth  for  manuring  to  the  marled 
lands.  This  condition  I  always  and  strongly  urged  as  essential ; 
and  it  was  so  contrary  to  the  general  system  of  tillage  there  in 
use,  and  therefore  was  deemed  so  objectionable,  that  but  few  persons 
were  willing  to  make  the  required  change  for  any  expected  benefits 
from  marling.  Nearly  all  who  before  or  since  have  there  tried 
marling,  have  failed  to  add  these  necessary  accompaniments;  and 
of  course  their  early  returns  have  not  been  half  what  they  would 
otherwise  have  been,  and  the  ultimate  results  will  be  still  more 
deficient. 

The  general  usage  in  South  Carolina  was  to  take  a  crop  'for 
market  or  consumption  (generally  either  cotton  or  corn)  every 
year.  As  there  was  no  other  than  tillage  land  (arable,  and  not 
before  worn  out),  if  a  planter  were  to  spare  a  field,  or  any  smaller 
space  from  culture,  it  would  be  equivalent  to  losing  just  so  much 
of  his  usual  crop  and  income,  for  that  year.  This  was  deemed  a 
sacrifice  which  very  few  were  willing  to  make,  and  none  to  suffi- 
cient extent.  It  is  true  that  new  clearings,  where  there  was  forest 
land  to  clear,  were  added  every  year  to  the  tilled  land.  But  this 
additional  surface  was  required  (as  supposed)  either  to  substitute 
the  older  land  utterly  worn  out,  and  turned  out  of  culture,  or 
otherwise  to  serve  for  the  planter's  increased  means  for  labour. 

This  very  bad  usage  of  continual  tillage  was  indeed  made  the 
less  exhausting,  and  the  more  tolerable,  by  a  system  of  collecting 
and  applying  vegetable  manures,  admirable  for  the  energy  with 
which  it  was  pursued,  and  for  the  great  extent  to  which  it  was 
carried.  I  have  never  known  so  much  of  the  labour  of  farms  to 
be  devoted  to  making  and  applying  putrescent  manures,  nor  so 
much  of  the  tilled  surface  to  be  so  manured,  as  in  lower  South 
Carolina.     For  this  purpose,  large  stocks  of  cattle  are  kept  (in 
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very  poor  condition  indeed),  and  vegetable  matter  in  great 
quantity  is  gathered  in  leaves  from  the  woodrland,  and  sedge  and 
rushes  and  other  growth  of  the  tide-marshes,,  to  be  used  as  litter. 
The  manure  is  applied  in  the  row  or  drill,  so  as  to  go  as  far,  and 
act  as  quickly,  as  possible.  This  large  but  slight  and.  poor  manur- 
ing required  frequent  renewal;  and  by  some  planters  it  was  re- 
newed every  year  over  their  whole  extent  of  cotton,  which  was 
much  the  largest  of  all  the  tilled  surface.  All  these  efforts  barely 
served  to  keep  up  the  manured  land  to  its  previous  moderate  rate 
of  production ;  and  if  that  could  be  done,  the  planter  was  content 
to  make  no  absolute  or  abiding  increase  of  fertility  by  his  continual 
applications  of  wasting  and  fleeting  manures.  When  urging  on 
such  persons  the  use  of  marl  or  lime,  I  was  frequently  met  by  the 
question  "  Will  marling  enable  me  to  dispense  with  other  ma- 
nuring ?"  and  the  negative  to  that  question,  always  promptly  given 
in  answer^  was  generally  assumed  as  sufficient  reason  for  failing  to. 
use  calcareous  manures.  Yet  never  was  there  a  greater  mistake, 
or  more  false  reasoning,  than  led  to  this  conclusion. 

Besides  all  other  benefits  to  be  gained  by  thus  improving  the 
constitution  of  the  soil,  marling  would  have  made  half  the  usual, 
dose  of  putrescent  manuring  do  more  good  than  the  whole.  By 
giving  rest  and  its  own  self-manuring,  say  to  one-third  of  the  arable 
surface,  the"  other  two-thirds  would  soon  surpass  the  previous  pro- 
duction of  the  whole.  And  much  more  crop  would  be  obtained 
both  from  the  land  and  the  labour  employed,  than  before  marling 
and  resting,  or  than  with  marling  and  without  resting,  besides  a 
continued  growing  increase  of  fertility  and  production. 

But  the  idea  of  even  the  present  gain  of  a  proprietor  being  made 
the  greater,  or  the  early  lessening  of  crops  being  avoided,  by  con- 
tinual culture,  is  entirely  fallacious.  The  renter  of  another's  land, 
for  one  or  two  years  only,  may  indeed  reap  most  crop  and  profit 
by  tilling  the  whole  surface.  But  his  successor  will  lose  in  pro- 
portion to  the  previous  excess  of  cropping.  So  the  man  who  hires 
a  horse  for  a  day  only  may  get  from  him  the  greatest  quantity  of 
labour  and  at  least  expense,  by  working  him  the  whole  time,  withr 
out  food  or  rest.  But  it  is  as  true  economy  and  profit  to  allow 
food  and  rest  to  the  land  in  an  occupancy  of  but  a  few  years,  as  to 
the  horse  if  employed  but  for  a  few  days.  In  either  case,  the  ex- 
pense of  such  allowance  is  an  investment  which  will  return  a 
higher  rate  of  profit  than  all  that  could  be  gained  without  such 
expense. 

Further :  unless  when  the  application  of  putrescent  manures  is 
very  frequently  renewed,  and  therefore  is  very  expensive,  the 
resting  of  the  land  is  not  the  less  certain  to  occur,  and  for  as  long 
intervals,  as  if  allowed  by  the  most  lenieut  rotation  of  crops.  In 
the  latter  case,  perhaps  the  land  (after  being  calxed)  yields  three 
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grain  or  other  crops  for  market  in  a  five-years  rotation  j  the  other 
two  years  being  ^iven  to  rest,  self-manuring  by  the  vegetable 
growth  remaining,  or  part  of  the  land  being  in  pasture.  With 
such  respite,  the  three-fifths  of  the  land  will  very  soon  surpass  the 
previous  product  of  the  whole,  and  continue  long  to  increase  stUl 
more  in  product.  In  the  other  case,  of  continual  annual  cropping, 
and  even  with  much  eare  given  to  applying  prepared  manures,  the 
land  may  perhaps  bear  such  treatment  for  twenty,  thirty,  or  in  rare 
cases  forty  years,  before  being  so  reduced  as  to  be  no  longer  worth 
cultivating.  It  is  then  "  turned  out,"  and  left  useless  and  profit- 
less for  some  thirty  years,  until,  under  a  new  growth  of  trees,  it  is 
brought  back  partially  to  a  state  fit  for  a  second  and  expensive 
clearing,  and  renewed  cultivation.  Nature  will  not  permit  the  soil 
to  be  utterly  robbed  of  its  due  claim  for  rest  and  resuscitation. 
And  if  the  cultivator  will  not  of  his  own  accord  grant  one  or  two 
years  in  four  or  five,  he  will  be  compelled  to  lose  a  much  larger 
proportion  of  time,  after  longer  delay.  In  the  one  case,  the  rest 
is  accompanied  by  increasing  fertility ;  in  the  other  it  is  the  result 
of  exhaustion,  and  is  followed  by  long-continued  and  total  unpro- 
ductiveness. 

The  amount  of  rest  for  land  required  for  its  progressive  improve- 
ment after  being  marled,  after  all,  is  inconsiderable,  and  is,  usually, 
fully  compensated  in  the  greater  product  of  the  two  next  succeeding 
crops  of  grain.  In  lower  Virginia,  the  system  of  continual  tillage 
formerly  was  as  prevalent  as  now  in  South  Carolina.  Yet  there 
are  very  few  of  even  the  most  improvident  and  exhausting  cultiva- 
tors who  do  not  now  know  that  more  grain  and  more  profit  are  to 
be  obtained  in  a  three-years  course  (for  example),  including  one 
year  of  rest,  than  if  taking  a  crop  every  year.  And  on  calxed  and 
well  conducted  farms,  making  regular  advances  in  production, 
three  grain-crops  and  one  of  clover  are  taken  off  in  a  five-years' 
rotation,  leaving  but  one  year  of  the  term  in  which  the  land  is  un- 
productive of  profit  for  that  time — though  not  unproductive  in 
preparing  for  future  returns. 

Whether  the  question  be  considered  and  tested  by  facts  and  ex- 
perience, or  by  reasoning,  there  cannot  be  a  shadow  of  reason  or' 
excuse  for  the  custom  of  continual  tillage,  except  in  a  newly  settled 
and  uncleared  country,  of  great  fertility,  and  where  labour  is  very 
costly,  and  land  priced  very  low.  Not  one  of  these  conditions  now 
exists  in  lower  South  Carolina  to  justify  the  general  system  of  till- 
age. And  that  so  intelligent,  well  educated,  and  withal  so  indus- 
trious a  class  as  is  found  in  the  planters  generally  of  that  state, 
should  so  strangely  persist  in  such  a  system,  and,  for  its  preservation, 
reject  the  means  of  doubling  their  products  and  their  wealth  by 
marling,  is  not  the  result  of  the  teachings  either  of  reasoning  or 
of  experience,  but  of  the  supremacy  of  habits  long  established, 
and  in  almost  universal  use. 
21 
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§11.    Calcareous    earth   enables    the  soil,  or  the  plants  growing 
thereon,  to  draw  mucJi  more  nutriment  from  the  atmosphere. 

Every  plant,  after  being  completely  burned,  leaves  a  small  pro- 
portion of  its  previous  quantity  in  ashes.  This  portion,  inde- 
structible by  burning,  is  distinguished  by  chemists  (not  with  much 
accuracy  of  signification)  as  the  inorganic  parts  of  plants ;  and 
these  are  found  to  consist  of  different  salts,  or  chemical  compounds 
of  different  acids  with  alkalies  proper,  and  alkaline  or  other  earths, 
and  also  some  oxides  of  metals.  All  these  matters,  making  the 
whole  residue  in  ashes,  in  any  one  plant,  or  part  or  product  of  any 
plant,  rarely  amount  to  as  much  as  one-tenth  of  the  original  dry 
weight ;  and  in  more  of  other  cases  fall  below  the  one-hundredth 
part.* 

The  other  and  much  larger  portion  of  all  vegetable  matters, 
called  by  chemists  the  organic,  or  that  which  is  destructible  by 
burning,  is  composed  either  of  three  or  most  generally  all  four  of 
these  elements,  carbon,  hydrogen,  oxygen,  and  nitrogen  or  azote. 

The  like  diversion  of  products,  destructible  or  indestructible  by 
burning,  applies  to  all  animal  matters,  and  also  the  general  consti- 
tution of  their  different  parts;  but  in  very  different  proportions. 
Excepting  the  solid  bony  or  shelly  parts  of  animal  matters,  the 
portion  indestructible  by  burning  is  extremely  small.  Of  the  des- 
'tructible  parts  of  animal  matter,  azote  (or  nitrogen),  always  forms 
.a  considerable  proportion;  while  in  most  vegetable  products  it  is 
in  very  small  proportion,  and  in  others  entirely  wanting.  It  is, 
however,  always  present  either  in  some  part,  or  element,  or  pro- 
duct of  every  plant.  It  is  the  proportion  of  azote,  small  as  it  is, 
.which  mainly  determines  the  degree  of  richness  and  nutritive  value 
of  any  substance,  whether  as  food  for  animals,  or  as  manure  for 
growing  plants.  And  according  to  the  quantity  of  azote  contained, 
is  the  tendency  of  either  vegetable  or  animal  matter  to  putrescence, 
and  to  give  out  offensive  odours  while  putrefying.  Thus,  in  a  rough 
way,  common  observation  and  experience,  and  the  sense  of  smell, 
may  afford  tolerably  accurate  tests  of  the  amount  of  azotic  prin- 
-.ciples  in  materials  of  manures  for  plants,  or  food  for  animals. 

It  follows  from  the  consideration  of  the  questions  of  which  the 
general  results  only  are  here  stated,  that  whatever  serves  to  furnish 
most  azote  to  the  soil,  in  manure,  is  most  conducive  to  its  immediate 
fertility ;  and  whatever  abstracts  most  azote  from  the  soil,  without 
return,  is  the  most  exhausting  of  its  immediate  productive  powers. 

Having  presented  these  general  propositions  (which  seem  to  be 
received  by  all  authorities),  letus  proceed  to  inquire  as  to  the 
sources  of  the  mode  of  supply  of  azote,  and  of  the  other  much 
more  abundant  constituents  of  plants. 


*  See  tables  of  proportions  for  ashes  from  many  vegetable  products  re- 
ported by  BouBsingault,  p.  53,  4,  Eural  Economy,  Am.  Ed.  of  Eng.  Trans. 
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Putting  aside  for  the  present  the  minute  proportion  of  inorganic 
elements  (or  ashes)  of  plants — or  supposing  their  amount  to  be 
always  ascertained  separately,  or  understood — the  great  remainder 
of  all  plants,  amounting  from  more  than  nine-tenths  of  the  dry 
weight  of  some  products  to  more  than  ninety-nine-hundredths  of 
others,  consists  of  elements  which  also  constitute  air  and  water,  oi; 
are  always  present  in  the  atmosphere;  and  which  therefore  are 
always  surrounding  all  growing  plants,  and  in  unlimited  quantities. 
But  though  so  abundant  and  inexhaustible,  these  elements  cannot 
be  taken  up  by  growing  plants  except  under  certain  conditions ; 
and  these  conditions  are  but  slightly  under  the  control  of  cultiva- 
tors, or  even  known  to  the  present  researches  of  science. 

Of  the  four  great  elements  of  organic  bodies,  carbon  only  is 
ever  presented  to  our  senses,  alone  and  as  a  solid.  Charcoal  is 
nearly  pure  carbon;  and  the  brilliant  and  precious  diamond  is  pure 
crystallized  carbon.  Of  the  three  other  great  elements,  oxygen, 
hydrogen,  and  azote,  each  one  in  its  separate  state  is  only  known 
to  us  as  gas,  or  air;  and  however  different  and  potent  their  quali- 
ties, they  are  all  aa  little  perceptible  by  our  sight  or  touch,  as  the 
atmosphere.  Further:  carbon,  though  existing  nearly  pure,  and 
visible  and  tangible,  as  charcoal,  yet,  when  in  that  state,  is  incapa- 
ble of  affording  any  direct  support  to  plants ;  for  which  office  it  is 
necessary  that  carbon  shall  be  combined  with  oxygen ;  which  com- 
bination also  forms  a  gas  (carbonic  acid),  in  which  state  it  is  dif- 
fused throughout  the  atmosphere,  and  in  which  only  it  is  fit  to  be 
received  into  plants,  through  their  leaves,  and  thus  to  furnish  to 
them  their  essential  element,  carbop. 

Thus,  the  materials  of  nearly  the  whole  solid  substance  of  all 
plants  and  all  animal  bodies,  are  supplied  wholly  by  four  gases,  or 
different  kinds  of  air.  This  proposition  (than  which  none  in  agri- 
cultural chemistry  is  better  established),  when  first  heard,  may 
well  seem  too  mysterious  for  comprehension,  and  the  results  too 
wonderful  for  belief.  And  after  the  proposition  has  been  fully 
assented  to,  there  must  occur  to  the  mind  of  every  student  of  this 
interesting  subject  another  question  involving  as  much  of  mystery 
and  wonder,  if  not  also  of  doubt.  This  question  is,  "If  the 
atmosphere  always  contains  all  the  organic  constituents  of  plants 
in  inexhaustible  quantities — and  if  plants  derive  from  the  atmos- 
phere nfearly  all  of  their  constituent  parts — why  should  they  ever 
suffer  for  want  of  a  sufficient  supply  of  nourishment,  whether 
growing  on  rich  or  poor  soils  ?"  The  answer  is,  that  the  laws  of 
nature  forbid  some  of  these  gaseous  bodies  to  be  taken  up  directly 
by  growing  plants — or,  at  least,  only  under  certain  conditions; 
and  these  conditions  are  not  dependent  on  the  quantities  of  these 
gases  present  in  the  surrounding  atmosphere,  and  are  but  slightly 
under  the  control  of  man,  limited  in  knowledge  as  at  present. 
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Should  the  progress  of  science  ever  serve  to  place  these  conditions 
under  man's  control,  then  exhaustless  stores  of  the  richest  nourish- 
ment to  plants,  and  the  sure  means  of  universal  and  exuherant 
productiveness  from  the  poorest  soils,  will  also  be  at  his  command. 
Food  for  land  and  plants  and  brutes  and  men  wiU  be  as  unlimited 
and  almost  as  available  as  the  air  we  breathe.  But  to  indulge  in 
3uch  speculations  of  the  possible  future,  is  now  mere  dreaming 
anticipation.  My  object  is  more  practical.  It  is  to  gather  and 
display  such  faint  lights  as  now  may  be  drawn  from  previous 
scientific  researches  upon  this  dark  and  yet  interesting  subject  of 
inquiry.  As  little  as  has  been  discovered  and  established  by  agri- 
cultural chemists,  and  still  less  put  to  practical  use,  I  believe  that 
new  and  very  important  and  useful  deductions  may  be  derived  from 
the  scattered  and  unconnected  truths  abeady  ascertained  in  regard 
to  the  nutrition  of  plants,  and,  through  the  medium  of  plants,  the 
nutrition  and  fertilization  of  soils. 

The  following  table  is  given  by  Boussingault  as  the  results  of 
his  investigations,  showing  the  proportions  of  the  constituent 
elements  of  various  ordinary  vegetable  products. 
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Prom  these  propositions  of  the  vegetable  products  stated,  it 
would  appear  that  the  per  centage  of  each  of  its  elements  is  be- 
tween the  following  extremes : 


Organic  parts 
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Hydrogen  5. 

Oxygen  35.6 

Azote  00.4 

Inorganic  parts — Ashes  2.4 
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only  is  furnished  by  nature  otherwise  than  in  the  greatest  profu- 
sion. Oxygen  gas  makes  about  one-fifth,  and  nitrogen  or  azote 
about  four-fifths  of  atmospheric  air;  and  pure  water  is  compound 
of  8  parts  of  oxygen  and  1  of  hydrogen.  Carbon  in  the  form 
of  carbonic  acid  gas  is  universally  present  in  the  atmosphere,  and  in 
variable  proportions ;  but  usually  (over  land)  making  about  -^-^^-^ 
pnly  of  the  whole  bulk.  In  weight,  the  proportion  of  carbonic  acid 
1^  TTHJU  Q^  }^^  atmosphere.  Small  as  is  this  proportion,  still,  as  it 
is  present  in  the  air  surrounding  and  in  contact  with  all  growing 
plants,  their  supply  might  be  deemed  inexhaustible,  provided  they 
possessed  _the_  power  of  attracting  and  arresting  it,  and  taking  up 
and  assimilating  the  carbon  of  the  gas.  But  this  power  seems  to 
be  not  fully  exerted  under  ordinary  circumstances.  The  other 
great  _  elements,  oxygen,  hydrogen,  and  azote  are  in  unlimited 
quantity  surrounding  plants,  as  constituents  of  the  atmosphere,  or 
entering  and  filling  the  bodies  of  plants  as  the  constituents  of  wa- 
ter. And  as  the  atmosphere  always  contains,  in  large  proportion, 
water  dissolved  by  heat,  that  is,  the  water  itself  being  in  gaseous 
form,  therefore  the  ordinary  atmosphere  alone  ofiers  to  plants  all 
the  four  great  elements  required  to  constitute  nearly  their  whole 
substance.  If  then  we  suppose  that  the  very  small  proportions  of 
necessary  salts,  found  in  the  ashes  of  plants,  are  already  in  the 
soil  (as  is  generally  the  case),  or,  if  not  naturally  present,  to  be 
supplied  by  art,  it  is  manifest  that  all  cultivated  plants,  on  all 
soils — and  on  the  most  barren  not  appreciably  less  than  on  the 
richest — have  at  hand  unlimited  supplies  of  all  materials  required 
for  their  sustenance  and  growth.  But  the  power  to  seize  upon 
these  materials  is  either  wanting,  or  possessed  but  to  a  strictly 
limited  extent.  And  it  is  in  proportion  to  the  power  to  use  them, 
and  not  to  the  abundance  of  the  resources  present,  that  the  sup- 
port and  growth  of  plants  are  regulated. 

The  proportions  of  the  aWospheric  constituents  of  each  particu- 
lar vegetable  product  (as  gluten,,  starch,  sugar,  wax,  &c.)  seem  to 
be  uniform ;  and  of  each  of  the  more  compound  products  of  a  par- 
ticular plant  (as  its  seeds,  flowers  and  leaves,  bark,  wood,  &c.,  of 
like  age  and  kind),  the  constituents  seem  to  approach  uniformity 
of  proportions ;  so  that  it  may  be  inferred  that  the  differences  are 
caused  by  differences  of  conditions,  of  wants  and  supplies;  and  that, 
under  like  conditions,  the  constituents,  organic  and  inorganic,  would 
be  in  like  propositions.  But  the  quantities  of  the  simpler  pro- 
ducts of  plants  of  like  kind  (as  gluten  or  starch  in  wheat,  sugar 
in  beets,  &c.)  vary  greatly,  and  of  course  cause  variation  in  the 
proportions  of  elementary  constituents  of  the  entire  plant.  Es- 
pecially does  the  proportion  of  azote  vary  in  like  plants,  under 
different  circumstances  of  supply,  even  when  the  other  constituents 
vary  but  little.  Boussingault  found  the  following  proportions  in 
21* 
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wheat  of  the  same  variety,  but  of  which  one  sample  was  taken 
from  garden  ground,  very  rich,  and  the  other  from  the  ordinary 
soil  of  his  field,  and  of  course  comparatively  poor.  The  growths 
were  of  the  same  year,  and  the  same  farm,  and  therefore  the  influ- 
ences of  weather  the  same. 

"from  the  open  field.'  from  the  gardes  ground. 

45.51 
.       5.67 

43.00 

.      3.51 

2.31 


Carbon, 

46.10 

Hydrogen, 

.       5.80 

Oxygen,      . 

48.40 

Azote,    . 

.      2.29 

Ashes, 

2.41 

100.00  100.00 

"In  the  produce  of  the  garden  ground  there  were  21.94  per 
cent,  of  gluten  and  albumen  [the  products  of  wheat  which  only 
contained  azote] ;  in  that  of  the  open  field  no  more  than  14.31  per 
cent,  of  the  same  principles." — (Rural  Economy,  &c.,  p.  176.) 

The  cursory  reader  would  perhaps  be  struck  only  by  the  general 
agi'eement  of  the  proportions  of  the  constituents  of  these  two 
samples  of  wheat  grown  on  such  different  soils.  But  while  there 
is  such  near  approach  to  equal  proportions  of  the  three  larger  con- 
stituents, the  azote,  smallest  in  quantity,  but  the  most  important 
for  its  quality,  is  shown  to  be  increased  in  proportion  more  than 
50  per  cent,  by  the  richer  soil. 

Thus  the  smallest  but  richest  element,  azote,  would  seem  to  be  ob- 
tained by  plants  principally  or  entirely  through  their  roots,  and  from 
the  soil.  Therefore,  the  supply  to  plants  is  in  no  degree  increased  by 
the  prodigious  quantity  of  azote  in  the  atmosphere.  On  the  other 
hand,  the  carbon,  which  constitutes  about  half  the  dry  weight  of 
all  plants,  is  supplied,  for  much  the  larger  part,  from  the  carbonic 
acid  gas  of  the  atmosphere,  through  the  leaves,  and  thus  is  fixed 
in  and  assimilated  to  the  plant.  Carbon  is  the  only  one  of  the 
four  great  elements  found  in  air  or  water  which  is  presented  (by 
the  atmosphere)  to  plants  in  small  quantity,  and  apparently  in  in- 
sufficient quantity  for  the  supply  of  their  leaves.  Therefore,  I 
infer  that  to  increase  the  nourishment  and  growth  of  plants  it  is 
not  only  necessary  to  increase  the  supply  of  azotized  manures 
through  the  soil  to  their  roots,  but  also  (if  possible),  to  increase 
the  supply  of  carbonic  acid  to  the  leaves;  or  to  increase  their 
power  to  take  up  the  supply  actually  present  in  the  surrounding 
atmosphere.*  .  As  to  the  oxygen  and  hydrogen,  they  will  be  sup- 

*  Professor  Liebig  maintains  that  all  the  azote  taken  up  by  plants  is 
through  their  roots,  and  of  course  derived  immediately  from  the  soil. 
Boussingault  infers,  from  some  very  interesting  experiments,  to  which  I 
shall  again  advert,  that  some  azote  is  also  taken  directly  from  the  atmos- 
phere, at  least  by  leguminous  plants.    The  latter  author,  agreeing  mth 
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plied  from  the  air  and  water  in  any  quantities  required  in  propor- 
tion to  the  amount  of  carbon  and  azote  derived  from  all  sources. 
Chemists  seem  to  concur  in  the  opinion  that  plants  exert  the  power 
tp  decompose  water  received  through  their  roots  into  their  sap 
vessels,  and  to  assimilate  the  results  of  the  decomposition,  hydro- 
gen and  oxygen,  in  requisite  proportions.  Besides  all  other  reasons 
in  support  of  this  opinion,  its  truth  may  be  inferred  from  the 
established  fact  that  in  many  vegetable  substances  the  constituents 
of  hydrogen  and  oxygen  are  present  in  precisely  the  proportions 
which  serve  to  constitute  water. 

If  then  enough  azote  and  carbon  be  furnished  to  growing  plants, 
enough  of  oxygen  and  hydrogen  will  be  at  the  same  time  taken  up 
and  assimilated,  by  the  plant's  own  natural  powers. 

The  foregoing  views  seem  to  offer  the  only  plausible  explanation 
of  that  great  mystery  of  vegetable  life,  that  plants  on  barren  land 
should  pine  or  starve,  when  surrounded  by  unlimited  supplies,  in 
air  and  water,  of  their  necessary  elements. 

The  supply  of  azote  to  the  roots  must  be  limited  to  the  amount 
of  azotized  matters  already  in  the  soil,  and  to  such  subsequent 
additions  as  can  be  furnished  in  prepared  putrescent  manures,  or 
in  the  azotized  green  or  dry  products  of  the  land  left  there  to  de- 
cay.. If  we  could  also  increase  the  supply  of  carbonic  acid  in  the 
atmosphere,  the  benefit  to  plants  would  be  as  great  as  the  givfng 
of  azote  in  manure.  It  has  been  proved  by  experiments,  that  of 
different  plants  kept  in  confined  artificially  composed  atmospheres, 
those  grew  best,  which  had  carbonic  acid  in  much  larger  propor- 
tion than  is  in  the  natural  atmosphere.  (Boussingault,  p.  36.) 
To  increase  the  quantity  of  carbonic  acid  diffused  through  the 
atmosphere,  to  any  useful  or  even  appreciable  extent,  is  beyond  the 
power  of  man.  But  the  desired  results  of  such  increase  would  be 
reached  in  some  measure  by  enabling  plants  to  inhale  and  assimi- 
late more  than  their  share  of  the  general  supply  of  carbonic  acid  • 
in  the  whole  atmosphere.  This  is  partially  effected  for  all  vegeta- 
ble growth  by  the  winds,  which  continually  renew  the  air  in  con 

most  other  late  and  high  authorities,  supposes  the  carbon  of  plants  to  be 
derived  principally  from  the  atmosphere,  and  through  the  leaves,  but  also 
in  part  froni  the  earth  and  through  the  roots.  Liebig  asserts  that  carbon 
is  furnished  altogether  through  the  leaves,  except  during  germination ;  and 
none  through  the  roots,  after  the  opening  of  the  earliest  leaves  from  the 
seed.  This  opinion  seems  to  involve  the  absurd  position  that  the  carbona- 
ceous (dark-coloured)  part  of  manure,  usually  deemed  evidence  of  richness 
in  manure  and  in  soil,  is  of  no  use  to  plants  through  their  roots ;  nor 
otherwise,  except  to  furnish  more  carbonic  acid  to  the  atmosphere.  In  this 
event,  the  manure,  by  its  carbonaceous  part,  may  possibly  assist  the 
growth  (through  the  leaves)  of  the  plants  growing  nearest.  But  if  any 
wind  was  blowing  when  the  gas  rose  from  the  earth,  the  manure  would  be 
as  Hkely  to  take  effect  on  distant  as  on  the  nearest  plants,  even  if  not  car- 
lied  out  of  reach  of  aU  for  the  time  being. 
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tact  ■with  plants,  removing  that  which  had  given  up  its  carbonic 
acifl,  and  bringing  new  supplies  from  the  upper  or  lower  air.  It  has 
also  been  proved  that  plants  grow  faster  in  agitated  than  in  still 
air.  (Boussingault,  p.  42.)  This  effect  of  winds  is  general — ope- 
rating with  nearly  equal  benefit  on  all  neighbouring  localities ;  and 
this  also  of  course  is  not  within  man's  control,  or  even  under  his 
partial  direction. 

There  is  stiU  another  mean,  by  which  possibly  the  desired  end 
may  be  attained.  Though  we  cannot  increase  the  supply  of  car-^ 
bonic  acid,  or  bring  more  of  the  actually  existing  supply  in  con- 
tact with  the  leaves  of  plants,  yet  if  we  can  stimulate  the  plants  to 
attract,  seize  upon,  and  rapidly  absorb  the  contiguous  carbonic 
acid,  instead  of  the  much  greater  part  passing  by  and  escaping  from 
the  otherwise  feebler  attracting  powers  of  plants,  then  the  same 
object  would  be  effected  as  if  by  actual  increase  of  the  supply  of 
carbonic  acid.  There  is  good  reason  to  believe  that  such  greater 
stimulation  of  the  appetite  of  plants  and  increased  power  of  taking 
up  carbonic  acid  is  to  be  conferred  by  the  application  of  various 
manures ;  but  more  especially  and  in  greater  measure  by  the  use 
of  calcareous  manures ;  as  I  shall  endeavour  to  show. 

Universal  as  is  this  function  of  growing  plants  of  absorbing  and 
fixing  the  carbon  of  the  atmosphere — essential  as  it  is  to  their 
existence — and  largely  as  it  is  exercised  to  the  extent  of  thereby 
obtaining  much  the  larger  part  of  one-half  the  whole  dry  weights 
of  plants — still  this  power  is  strictly  limited  by,  or  only  exerted 
under,  certain  known  conditions.  It  is  by  their  green  matter  only 
that  plants  absorb  carbonic  acid,  and  that  under  the  stimulating 
influence  of  light.  Through  all  the  day,  and  by  all  their  leaves 
and  other  green  parts,  plants  are  absorbing  carbonic  acid  from  the 
air,  and  assimilating  and  fixing  its  carbon,  and  evolving  the  oxygen 
gas,  the  other  constituent  element  of  the  carbonic  acid.  But  this 
operation  always  ceases  with  the  withdrawal  of  light ;  and  even  a 
reverse  operation,  to  smaller  extent,  proceeds  during  the. night, 
when  the  leaves  actually  evolve  some  of  the  larger  quantity  of  car- 
bonic acid  which  had  been  absorbed  during  the  previous  daylight. 
It  is  well  known  that  any  plant,  or  single  branch  of  a  plant, 
secluded  from  light,  does  not  acquire  the  usual  green  colour,  but 
remains  white.  In  this  state,  the  white  leaves  and  stems  exert 
very  little  power,  if  any,  in  absorbing  carbon.  If  the  whole  of 
any  plant  is  kept  in  the  dark  during  its  growing  state,  it  must 
soon  die,  for  want  of  this  essential  source  of  sustenance. 

1.    Calcareous  earth  causes  plants  to  draw  more  carbon  from  the 
atmosphere. 

The  vigorous  growth  of  plants,  and  the  intensity  or  depth  of 
their  green  colour,  always  go  together  and  in  proportion  to  each 
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other.  "We  must  correctly  infer  that  the  deeper  the  green  colour, 
from  whatever  cause  it  may  proceed  in  part  (as  rich  manuring, 
bright  sunlight,  or  moist  season),  the  greater  must  be  the  absorp- 
tion of  carbon  by  the  leaves  of  the  plant.  Therefore,  if  in  any 
manner  the  intensity  of  the  green  colour  of  plants  is  increased,  it 
is  equivalent  to  giving  them  the  power  of  absorbing  and  assimilat- 
ingmore  carbon,  _  and  with  that  (as  before  stated),  the  power  of 
taking  up  and  assimilating  the  required  proportional  quantities  of 
oxygen  and  hydrogen. 

Now  one  of  the  earliest  and  most  manifest  effects  produced  by 
adding  calcareous  earth  to  a  soil  before  extremely  needing  that  ma- 
nure, is  to  give  a  deeper  green  colour  to  the  plants.  This  effect  is 
BO  remarkable  on  young  com,  growing  on  soil  previously  acid  and 
recently  marled,  that  before  the  plants  are  four  inches  high,  the 
outlines  of  the  spot  made  calcareous  may  be  distinctly  seen  and 
easily  traced  by  any  observer,  merely  by  the  strong  contrast  be- 
tween the  deep  green-  colour  of  the  plants  on  one  side,  and  the 
pale,  yellowish,  and  sickly  green  of  the  other;  and  this  before  there 
is  any  obvious  difference  of  size  of  the  plants.  And  this  difference 
of  colour  remains  so  strongly  impressed,  that  a  strip  of  corn  thus 
treated,  when  of  more  advanced  growth,  may  be  distinguished  at 
the  distance  of  half  a  mile,  if  exposed  to  view  so  far. 

This  early  and  marked  effect  of  calcareous  manures,  of  giving  a 
deep  green  colour  to  plants,  I  had  formerly  ascribed  solely  to  the 
neutralizing  of  the  noxious  acid  of  the  soil.  And  this  is  doubtless- 
the  cause  in  part.  But  more  extended  observations,  and  the  abid- 
ing effects  of  this  kind,  induced  me  to  believe  that  a  direct,  as 
Well  as  the  supposed  indirect,  action  was  produced.  But  from 
whatever  cause  it  proceeds,  it  is  unquestionable  that  the  increase 
of  green  colour  is  accompanied  by  proportionate  increase  of  sup- 
plies of  atmospheric  food  to  the  plants,  and  proportionate  increased 
products  of  the  crops  for  the  food  of  animals,  and  for  food  (or 
manure)  for  the  soil. 

One  other  well-known  agricultural  fact  will  be  cited  in  support 
of  this  position.  When  gypsum  (sulphate  of  lime)  is  applied  to 
clover,  on  a  neutral  soil  (where  there  is  no  injurious  excess  of  acid 
to  affect  the  crop,  or  to  be  removed  by  lime),  and  the  gypsum  acts 
well,  one  of  the  earliest  and.  most  striking  evidences  of  its  benefi- 
cial action  is  seen  in  the  deeper  green  colour  of  the  clover  dressed, 
compared  to  any  omitted  portions.  This  effort,  however  produced 
(as  said  before),  is  equivalent  and  proportioned  to  an  increased  ab- 
sorption of  carbon  from  the  atmosphere ;  and,  as  in  the  previous 
case,  must  be  ascribed  to  the  increased  power  of  absorption  given 
to  the  clover  by  the  lime  which  is  the  base  of  the  gypsum. 

It  may  perhaps  be  questioned  that  such  great  effect  can  be  pro- 
duced by  the  operation  of  so  small  a  quantity  of  lime  as  is  con- 
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tained  in  a  bushel  of  gypsum,  the  ordinary  dressing  for  an  acre. 
But  gypsum  is  easily  soluble  in  enough  pure  water,  and  would 
find  enough  in  the  earth  furnished  by  rain  for  its  speedy  solution ; 
whereas  carbonate  of  lime  is  insoluble  in  water,  unless  with  the 
addition  of  carbonic  acid.  Therefore  it  may  follow,  that  even  from 
a  bushel  of  the  soluble  gypsum,  the  crop  may  draw  up  lime  more 
readily  and  abundantly  for  the  time,  than  from  100  bushels,  or 
more,  of  insoluble  carbonate  of  lime.  Boussingault  ascribes  the 
-  great  effect  of  gypsum  to  its  easy  solubility  in  water,  and  its  thus 
readily  furnishing  dissolved  lime  to  the  roots  and  to  the  body  of 
the  plant.  Though  this  is  not  at  all  a  satisfactory  cause  for  all  the 
wonderful  operation  of  gjrpsum  on  clover  (and  still  less  to  explain 
its  very  frequent  want  of  effect),  there  can  be  no  doubt  of  the 
authority  for  the  fact  that  the  gypsum  (or  its  lime)  may  be  easily 
so  received  into  the  sap  of  the  body  of  the  clover.  And,  as  analysis 
has  shown  that  1000  lbs.  of  dry  clover  hay  contains  27  lbs.  of 
lime  (Sprengel,  quoted  by  Johnston,  p.  220),  and  100  lbs.  of  sul- 
phate of  lime  freed  from  water  contains  41.5  lbs.  of  lime,  it  fol- 
lows that  this  quantity  would  suffice  for  the  healthful  constitution 
of  as  much  clover  as  would  be  converted  to  more  than  1500  lbs. 
of  dry  hay. 

The  chemical  facts  which  have  been  cited  are  well  established, 
and  the  agricultural  facts  have  been  observed  by  very  many  prac- 
tical cultivators ;  and  both  would  seem  sufficient  to  establish  the 
position  that  lime  gives  to  plants  greatly  increased  power  for  ab- 
sorbing carbon  from  the  air.  But,  in  addition  to  these,  some  very 
interesting  and  apparently  accurate  experiments  have  furnished 
more  direct  and  certain  proof  of  the  results  above  mentioned. 
These  will  now  be  reported. 

When  nearly  all  the  sheets  of  the  preceding  edition  of  this 
essay  (1842)  had  been  printed,  embracing  the  whole  except  part 
of  the  Appendix,  I'  first  heard  of  the  discovery  having  been  made 
by  Dr.  Wm.  L.  Wight,  of  Goochland,  of  the  important  property  of 
calcareous  earth  now  under  consideration.  Forthwith  I  sought 
and  obtained  from  him  information  of  his  experiments  and  deduc- 
tions ;  and  with  his  permission,  a  concise  report  of  their  substance, 
together  with  such  introductory  and  explanatory  remarks  as  I 
deemed  required,  was  published  among  the  papers  of  the  Appendix 
which  then  remained  to  be  printed. 

Soon  after  my  publication  as  above  stated.  Dr.  Wight  placed  his 
discovery  before  the  public  more  at  length  in  his  "  Observations 
on  Vegetable  and  Animal  Physiology,"  printed  in  1843 ;  from 
which  publication  will  be  here  copied  all  that  applies  to  this  subject. 

After  referring  to  the  previous  edition  of  the  "  Essay  on  Calcare- 
ous Manures"  especially,  and  also  to  other  confirmatory  publications, 
tending  to   establish   both  the  fertilizing  and  health-preserving 
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actions  of  calcareous  earth  in  soils,  Dr.  Wight  proceeded  to  say 
that  in  his  consideration  of  the  subject  "  it  became  a  question  of 
deep  interest  to  determine  what  was  the  peculiar  influence  of  lime 
in  the  process  of  vegetation ;  and  for  this  purpose  the  following 
experiments  were  instituted.  Seeds  of  wheat,  resting  upon  moist- 
ened cotton,  were  first  placed  in  glasses  of  water,  and  thus  allowed 
to  germinate.  When  two  or  more  plants  had  put  forth  five  roots, 
which  is  their  complement,  or  an  equal  number,  taking  especial 
care  that  those  experimented  with  should  have  an  equal  number 
of  roots,  this  being  the  test  of  their  being  equally  healthy,  they 
were  immediately  transferred,  half  of  them  to  vessels  of  pure  rain- 
water, the  other  half  to  vessels  of  rain-water  in  which  a  small  portion 
of  the  hydrate  of  lime  [or  slaked  quick  lime]  had  been  dissolved. 

"As  soon  as  the  first  leaf  had  attained  sufficient  length,  they 
were  introduced  under  separate  receivers,  and  supplied  with  car- 
bonic acid.  It  was  soon  apparent,  however,  that  the  plants  growing 
in  the  pure  rain-water  threw  off  more  oxygen  than  the  others, 
though  the  difference  was  slight.  The  experiment  was  repeated 
with  the  other  leaves,  as  they  were  successively  unfolded,  but  with 
no  better  success. 

"  The  carbonate  of  lime,  or  lime  in  the  state  it  is  found  as  a 
natural  production,  was  now  substituted  for  the  hydrate.  Select- 
ing the  thin  pellicle  which  collects  upon  lime-water,  and  reducing 
it  to  a  fine  powder,  as  much  was  previously  dissolved  in  the  rain- 
water in  which  half  of  the  plants  were  to  grow  as  could  be,  by 
brisk  agitation  for  a  few  minutes  in  a  closed  bottle.  The  plants  to 
be  experimented  with  being  always  transferred  from  the  glasses  as 
soon  as  it  was  perceived  that  they  had  an  equal  number  of  roots. 
Previous  to  the  period  at  which  plants  become  dependent  upon  ex- 
terior influences,  the  effect  of  the  carbonate  of  lime  was  rather  to 
retard  than  to  quicken  the  decomposing  process ;  but  generally,  by 
the  time  the  second  leaf  had  fully  unfolded  itself,  and  always  in 
the  case  of  the  third,  the  greater  resistance  offered  to  the  touch, 
and  the  deeper  and  more  polished  tint  of  green,  inspired  anticipa- 
tions of  a  successful  result.  When  introduced  under  the  receiver, 
and  supplied  with  carbonic  acid,  these  anticipations  were  more  than 
fully  realized — the  plants  growing  in  rain-water  in  which  carbo- 
nate of  lime  had  been  previously  dissolved,  giving  off  two,  three, 
and  sometimes  four  volumes  of  oxygen  to  one  disengaged  by  those 
growing  in  pure  rain-water;  and  for  every  volume  of  oxygen 
emitted,  an  equal  quantity  of  carbonic  acid  disappeared  from  the 
jar  containing  it.  These  experiments  were  frequently  and  care- 
fully repeated  with  the  other  plants  cultivated  in  this  latitude, 
until  it  seemed  to  be  fully  ascertained  that  the  influence  of  the 
carbonate  of  lime  in  the  process  of  vegetable  nutrition  consists  in 
increasing  the  action  of  plants  upon  the  light — in  so  modifying 
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their  constitution  as  to  dispose  them  to  reflect,  under  the  ordinary 
defects  of  climate  and  season,  their  natural  green ;  and,  by  con- 
necting this  power  with  the  other  and  well-known  events  in  the 
series,  viz.  the  more  active  decomposition  of  carbonic  acid,  where- 
by more  carbon,  the  basis  of  vegetable  matter,  is  assimilated,  and 
more  oxygen  returned  to  the  atmosphere,  we  obtain,  as  is  conceived, 
a  consistent  explanation  of  the  action  of  lime)  both  in  the  pro- 
motion of  the  fertility  of  the  soil,  and  in  the  restoration  of  the 
air  to  its  purity."    Observations,  &c.,  pp.  9,  10. 

These  interesting  experiments  have  stiU  later  been  repeated  by 
Dr.  Wight,  and  always  with  the  like  results.  There  can  be  no  ques- 
tion of  the  care  and  accuracy  with  which  they  have  been  conducted  j. 
and  very  little  ground  to  object  to  the  conclusiveness  of  the  posi- 
tion which  the  results  demand — ^that  is,  that  the  effect  of  carbonate 
of  lime,  acting  through  the  roots  of  the  plants,  enabled  them  to 
absorb  and  to  assimilate  at  least  more  than  a  doubled  quantity  of 
carbon,  and  consequently  to  dkengage  more  than  a  doubled  quan- 
tity of  oxygen  gas,  formed  by  the  decomposition  of  the  carbonic  acid 
taken  in  by  the  plants.  The  only  apparent  defect  in  the  process 
is  one  which  is  unavoidable.  This  is,  that  the  wheat  (or  other) 
plants  were  made  to  grow  with  their  roots  in  water,  a  situation 
contrary  to  their  nature  and  wants ;  instead  of  in  dry  soU,  con- 
formable to  both.  But  in  naming  this  unavoidable  defect,  I  do 
not  mean  to  convey  that  it  can  invalidate  the  results  of  the  experi- 
ments, or  even  reduce  their  measure  in  any  very  important  extent. 

But  there  is  one  deduction  which  Dr.  Wight  seems  to  have 
made,  to  which  it  is  scarcely  necessary  for  me  to  announce  my 
dissent.  While  I  fully  admit  that  he  has  first  indicated,  and  at 
least  gone  far  to  establish  by  his  experiments,  one  of  the  very  im- 
portant properties  and  powers  of  calcareous  earth,  as  a  fertilizing 
manure  ("and  also  as  a  sanitary  agent),  still  I  do  not  agree  that  this 
is  its  sole  or  even  the  most  important  mode  of  operating,  for 
either  end. 

The  bearing  of  Dr.  Wight's  experiments  on  the  effect  of  calca- 
reous manures  in  preserving  health,  will  be  referred  to  when  that 
subject  shall  come  under  consideration.  All  reference  to  this 
branch  of  the  subject  in  this  chapter  was  incidental  and  in  advance 
of  the  designed  and  more  appropriate  place. 

The  power  given  by  calcareous  earth  to  plants  to  draw  carbonic 
acid  much  more  copiously  from  the  atmosphere,  which  Dr.  Wight 
so  admirably  deduced  from  actual  experiments,  might  previously 
have  been  inferred  from  the  observations  of  alleged  facts  made  by 
practical  cultivators.  But  the  statement,  hidden  in  the  German 
of  the  agricultural  chemist  Sprengel,  probably  first  was  disclosed 
in  this  country  in  the  recently  published  "  Lectures"  of  Johnston, 
whose  words  I  will  quote.  This  a«thor,  referring  to  Sprengel, 
says :  "  He  states  that  it  has  very  frequently  been  observed  in 
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Holstein,  that  if,  on  an  extent  of  level  ground  sown  -with  corn, 
some  fields  be  marled  and  others  left  unmarled,  the  corn  on  the  latter 
portions  will  grow  less  luxuriantly,  and  will  yield  a  poorer  crop 
than  if  the  whole  had  been  unmarled.  Hence,  he  adds,  if  the 
occupier  of  the  unmarled  field  would  not  have  a  succession  of  poor 
crops,  he  must  marl  his  land  also. 

"  Can  it  really  be,"  continues  Johnston,  "  that  Nature  thus  re- 
wards the  diligent  and  the  improver  ?  Do  the  plants  which  grow 
on  a  soil  in  higher  condition  take  from  the  air  more  than  their  due 
share  of  the  carbonic  acid  or  other  vegetable  food  it  may  contain, 
and  leave  to  the  tenants  of  the, poorer  soil  a  less  proportion  than 
they  might  otherwise  draw  from  it?"  (p.  101.)  Like  most  other 
readers,  probably,  I  cannot  venture  to  answer  these  questions 
affirmatively.  But  if  indeed  calcareous  earth  in  soil  gives  to  plants 
the  power  to  seize  upon  and  assimilate  a  much  larger  amount  of 
carbonic  acid,  it  may  well  follow  that  other  adjacent  plants,  not  so 
endowed,  may  in  the  contest  fail  to  obtain  their  previously  due 
share  of  the  always  very  small  proportion  of  carbonic  acid  gas  in 
the  atmosphere. 

In  connexion  with  these  interesting  statements,  I  will  add  an- 
other, which  is  fully  believed  by  many  persons,  and  which  I  have 
also  heard  asserted  by  one  of  the  best  practical  farmers  of  Virginia, 
and  who  is  also  an  intelligent  and  judicious  observer.  The  opinion 
referred  to  is,  that  if  a  narrow  strip  of  a  clover-field  be  omitted,  for 
experiment  and  observation,  when  all  the  adjoining  ground  is 
dressed  with  gypsum  (sulphate  of  lime),  and  the  manure  acts  well, 
that  the  omitted  strip  will  produce  worse  clover  than  it  would  have 
done  if  no  gypsum  was  near.  The  farmers  who  maintain  this  pro- 
position, do  so  simply  upon  having  observed  (as  they  conceive) 
such  facts.  They  had  no  theoretical  views  to  support  by  such  a  fact, 
and  indeed  they  did  not  pretend  to  ofier  a  supposed  cause  for  such 
an  efifect.  For  my  own  part,  I  have  had  no  opportunity  of  observ- 
ing any  such  facts,  and  will  neither  affirm  nor  deny  such  to  have 
been  accurately  observed  by  others.  But  such  results  seemed  so 
unsupported  by  reason,  that  at  first  I  deemed  the  observations 
mistaken,  and  the  statements  not  worth  any  consideration.  But  by 
applying  the  obvious  deductions  from  Dr.  Wight's  experiments, 
these  before  (supposed)  irrational  and  incredible  results  may  appear 
well  sustained,  both  in  regard  to  their  accuracy  and  their  causation. 

2.  Lime  in  soil  increases  the  effect  of  azotized  manmres,  and, 
through  leguminous  plants,  draws  azote  also  from  the  atmo- 
sphere. 

The  quantity  of  carbon  in  plants,  or  in  diff'erent  products  of 
plants,  amounts,  in  some  subjects,  to  more  than  one-half  of  the 
whole  weight  of  the  dry  plant  or  product ;  and  in  all  other  cases  it 
22 
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falls  not  much  below  that  proportion.  According  to  Professor 
Liebig,  the  whole  of  the  carbon  in  plants  is  derived,  through  their 
leaves,  from  the  atmosphere ;'  and  Boussingault,  whose  authority  I 
respect  much  more  highly,  says :  "  Prom  all  we  have  seen  up  to 
this  time,  we  feel  authorized  to  conclude  that  the  greater  proportion, 
if  not  the  whole,  of  the  carbon  which  enters  into  the  composition 
of  vegetables,  is  derived  from  the  atmosphere."  (p.  42.)  All  other 
chemical  authorities  concur  in  maintaining  that  at  least  much  the 
larger  part  of  the  carbon  received  by  and  fixed  in  plants,  is  taken 
from  the  atmosphere  through  the  leaves.  How  very  great,  then, 
must  be  the  proportion  of  vegetable  nutriment  and  support,  and  of 
materials  for  growth  and  increase,  derived  e;^clusively  from  the  air ! 
For  it  is  not  only  that  nearly  half  their  quantity  is  thus  obtained 
in  their  carbon  alone,  and  th'ey  also  take  up  from  water,  whether 
in  the  air  or  in  the  soil,  nearly  as  much  as  of  carbon,  in  hydrogen 
and  oxygen ;  which,  though  always  present  in  enormous  super- 
abundance, cannot  be  thus  used  by  plants,  except  in  strict  propor- 
tion to  the  carbon  assimilated.  AH  these  quantities,  then,  which 
the  atmosphere  supplies  either  exclusively,  or  may  supply,  as  in 
regard  to  water,  probably  amount  always  to  full  four-fifths  of  the 
substance  of  all  vegetable  products;  leaving  but  one-fifth,  at  most, 
to  be  derived  from  the  soil,  or  having  any  direct  dependence  on  the 
condition  of  fertility  of  the  soil. 

Further  :  of  this  small  proportion  of  vegetable  growth  and  sub- 
stance derived  from  and  dependent  on  the  contents  of  the  soil — 
say  one-fifth,  at  most,  and  generally  not  more  than  one-tenth  part 
— a  quantity  which  varies  much  in  different  plants,  but  on  an 
average  making  more  than  half  of  this  proportion  derived  from  the 
soil  alone,  consists  of  inorganic  elements  ;  while  the  remainder,  of 
about  1  to  4  per  cent,  only  of  the  whole  plant,  is  of  azote,  which 
is  either  wholly  or  principally  a  part  of  the  matter  derived  from 
the  contents  of  the  soil.  (See  Table  on  p.  244.)  Yet  is  this  very 
small  supply  of  azote  all-important  to  the  support  and  product  of 
plants ;  and  its  being  duly  supplied  in  organic  manures,  or  other- 
wise, is  the  great  and  essential  operation  of  all  improvement  of 
crops  through  the  improvement  of  soils.  In  considering,  then,  the 
value  of  azote,  we  must  take  care  not  to  measure  its  importance  by 
its  always  small  quantity  in  soils,  manures,  or  plants,  but  by  the 
great  and  essential  operation  of  this  element,  and  which  even  in 
this  small  quantity  it  produces.  Azote  is  eminently  the  enriching 
part  of  all  putrescent  manures,  and  of  all  vegetable  products  serv- 
ing as  food  for  animals.  The  most  enriching  of  animal  manures 
abound  most  in  azote ;  and,  above  all,  the  excrements  of  carnivorous 
animals,  whose  food  is  also  rich  in  azote.  Next  in  order  stand  the 
excrements  of  animals  fed  on  the  most  highly  azotized  vegetable 
food.     Vegetable  matters,  compared  to  animal,  in  general  have  but 
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little  azote;  and,  as  we  all- know,  when  used  alone,  make  much 
poorer  manure.  But  even  among  different  vegetables  forming 
ordinary  farm  products,  there  are  great  differences  in  their  propor- 
tions of  azote,  and  also  in  their  sources  of  supply  of  this  rich 
ingredient ;  and  according  to  such  differences  are  the  respective 
values  of  crops  for  foqd,  and  more  especially  their  powers  as  im- 
provers or  exhausters  of  the  soils  on  which  they  grow.  The  in- 
vestigation and  attempt  at  elucidation  of  this  last  branch  of  the 
subject  is  the  object  of  the  next  following  pages. 

Boussingault  reports  (from  the  results  of  analyses  by  himself  and 
Payen,  in  conjunction)  the  proportions  of  azote  contained  in  nume- 
rous vegetable  and  animal  substances  (at  p.  297,  Rural  Economy), 
from  which  the  following  extracts  of  some  ordinary  manuring  ma- 
terials will  serve  as  examples : — 


Ordinary  farm-yard  manure,  100  parts,  dry,  contained  of 
azote  ........ 

Richer  manure,  from  an  inn-yard    -         .         .         . 

Wheat-straw  of  Alsace  [presumed  from  ordinjary  soil] 

Do.,  from  environs  of  Paris  [presumed  much  richer  soil] 

Rye-straw  of  Alsace 

Do.,  environs  of  Paris    . 

Oat-straw 

Barley-straw 

Wheat-chaff 

Pea-straw  [or  vines,  &c.] 

Clover  roots 

Oilcake  of  flax-seed 

Do.  cotton-seed 

Solid  cow-dung 

Solid  horse-dung    . 

Guano 

Dried  muscular  flesh 

Woollen  rags 


1.95 
2.08 
■  0.30 
0.53 
0.20 
0.50 
0.36 
0.26 
0.94 
1.95 
1.77 
6.00 
4.52 
2.30 
2.21 
6.20 
14.25 
20.26 


While  I  do  not  deem  the  azotic  as  the  only  fertilizing  parts  of 
putrescent  manures,  nor  concur  in  all  that  Boussingault  seems  to 
claim  for  their  preponderance  of  operation,  still  it  cannot  be  denied 
that  the  azote  of  all  organic  manures  constitutes  their  principal  and 
greatest  fertilizing  quality.  Hence,  we  may  learn,  that  if  by  any 
means,  and  from  new  or  additional  sources,  there  can  be  given  to 
plants  an  additional  supply  of  azote,  of  which  the  absolute  quantity 
would  be  so  small  as  to  seem  scarcely  worth  consideration,  yet  that 
there  would  be  added  relatively  as  much  amount  of  manuring  value 
as  a  larger  dressing  of  ordinary  manure  could  supply.  And  a  due 
consideration  of  these  premises  will  serve  to  increase  the  e,«timate 
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of  the  importance  of  the  sources  of  supplies  of  azote  which-wUl  be 
•indicated.* 

Azote  is  mostly  derived  by  plants  from  the  soil  and  through 
their  roots.  This  is  made  evident  by  the  obvious  effects  of  all 
putrescent  manures,  and  the  superior  effect  of  those  known  to  be 
jichest  in  azote.  But  it  seems  from  some  delicate  and  careful  ex- 
periments of  Boussingault's,  that  some  particular  plants,  and,  as 
far  as  known,  those  belonging  to  the  leguminous  or  pod-bearing 
kind  only,  possess  the  power  of  also  deriving  azote  from  the  atmo- 
sphere. This  power,  if  certain,  would  be  enough  to  explain  the 
reason  of  the  well  known  and  peculiar  value  of  leguminous  plants 
as  manuring  crops. 

This  eminent  chemist  and  practical  agriculturist  sowed  known 
quantities  of  the  seeds  of  different  kinds  of  plants  in  artificial  soils, 
composed  of  either  burnt  clay  or  silicious  sand,  which  had  been 
deprived  of  all  azotic  and  other  alimentary  manuring  principles  by 
sufficient  exposure  to  a  high  degree  of  heat.  In  other  cases,  young 
plants  were  removed  from  natural  soils  to  such  artificial  soil,  after 
being -completely  cleared  of  all  adhering  earth.  The  vessels  con- 
taining the  soils  and  plants  were  protected  from  receiving  dust,  or 
anything  else  from  without,  and  the  seeds  and  plants  therein  were 
duly  moistened  with  distilled  water.  The  plants,  in  some  cases, 
stood  until  mature;  in  others,  for  shorter  terms.  Finally,  the 
several  kinds  were  analyzed,  as  had  been  done  of  the  like  kinds  of 
seeds,  or  transplanted  plants,  from  which  they  grew,  and  the  differ- 
ences of  contents  noted  (omitting  the  ashes,  or  inorganic  parts), 
as  shown  in  the  following  summary  of  the  results  : — 

*  Ordinary  barn-yard  manure,  Tvlich  has  been  heaped,  partially  fer- 
mented, and  is  half  rotted,  is  the  kind  which  M.  Bonssinganlt  used  on  hia 
farm  and  in  his  analyses.  Such  manure  was  considerably  richer  than  ours, 
made  with  fewer  and  worse-fed  caltle,  compared  to  the  large  proportion  of 
Titter,  and  used  without  being  heaped  or  fermented.  His  manure,  also,  in 
a  heap,  would  necessarily  have  less  water.  Tet  he  estimates  the  water  alone 
at  from  75  to  80  per  cent,  of  his  manure.  Of  course,  when  dried,  as  stated 
in  the  preceding  table,  100  parts  of  such  manure  is  equal  to  at  least  400 
parts  in  the  heap ;  and,  therefore,  these  400  parts  in  ordinary  condition 
contain  only  1.95  parts  of  azote—or  less  than  the  half  of  one  per  cent, 
serving  to  constitute  the  principal  enriching  value  of  the  manure. 
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Weight  (grains.) 

1 

tS" 

1 

1 

1st  Clover  seed  sown 

Plants  at  3  months,  from  same 

Gain  by  growth    . 

24.48  consisting  of 
63.38 

12.44 
32.141 

1.466 
4,183 

8.816 
24.155 

1.759 
2.408 

38.90 

+19.T0 

+2.717 

+16.840 

+0.649 

2d.  Peas  sown      .... 
Plants  (with  seeds  x^e)  from 
same 

Gain  by  growth    . 

16.549     .... 
68.560     .... 

7.950 
36.680 

1.065 
4.384 

6.623 
25.930 

0.710 
1.659 

52.02 

+28.73 

+3.319 

+19.11 

+0.849 

3d.  Wheat  seed  sown 

Plants  from  same,  at  14  to  15 
inches  high 

Gain  by  groTrth    . 

25.38       .... 

45.65       .    .    . 

11.84 
22.47 

1.46 
2.67 

11.19 
20.57 

0.87 
0.92 

21.27 

+10.63 

+1.21 

+9.38 

+0.06 

4th.  Young  doTer  plants  . 

Same  after  63  days'  growth 

Gain  by  growth  . 

13.64       .... 
34.96       .         .    . 

21.32 

5.92 
18.62 

0.74 
2.23 

6.46 
13.32 

0.60 
0.864 

+12.60 

+1.49 

+6.86 

+0.35 

6th.  Young  oat  plants 

Same  after  48  days'  growth 

Gain  and  loss  in  growth     . 

12.967 
23.167 

1.636 
2.979 

8.770 
21.180 

0.910 
0.818 

+10.190 

+1.343 

+12.410 

—0.062 

The  above  table  is  an  epitome  of  the  results  of  the  five  experiments 
which,  with  the  full  explanations,  ooeupy  about  five  pages  of  the 
author's  work.  The  analyses  made  of  seeds  and  plants  at  the 
earliest  times,  were,  of  course,  of  other  samples,  of  like  kind  and 
quantities  of  seeds  to  tholb  sown,  and,  as  nearly  as  could  be,  of  the 
plants,  compared  to  those  transplanted.  The  results  show  the 
following  facts  : — 

As  the  artificial  soils  were  devoid  of  all  organic  or  nutritive 
matter,  the  gains  made  by  the  plants  were  derived  entirely  from, 
pure  (distilled)  water,  and  from  the  atmosphere.  The  increase  in 
azote,  of  course,  could  have  been  obtained  from  the  atmosphere 
only. 

Besides  the  large  gains  made  during  growth,  by  all  the  plants, 
of  carbon,  hydrogen,  and  oxygen,  the  clover  of  1st  experiment 
increased  its  azote  by  more  than  half  the  quantity  contained  in  the 
seeds;  in  the  clover  of  4th  experiment,  the  azote  of  the  young 
plants  was  nearly  doubled ;  and  in  2d  experiment,  the  azote  of  the 
peas  sown  was  more  than  doubled  in  the  crop. 

In  the  growth  of  wheat,  the  gain  of  azote  was  scarcely  appreci- 
able (and,  therefore,  perhaps  doubtful)  j  and  in  the  growth  of  oats, 
there  was  an  absolute  loss  of  azote. 

The  results  of  these  very  interesting  and  apparently  very  accu- 
rate experiments-  (as  seen  in  the  author's  full  details),  exhibit,  in 
a  striking  manner,  how  largely  all  the  kinds  of  plants  possess  them^ 
22* 
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selves  of  and  assimilate  carbon,  hydrogen,  and  oxygen,  all  drawn 
from  water  and  the  air  only ;  and  also,  that  in  addition  to  these  ele- 
ments, the  leguminous  plants,  and  these  only,  drew  azote  from  the  air, 
assimilated  or  fixed  it  in  their  bodies,  and  thus  could  give  it  to  the 
soil  as  manure.  When  other  plants  contain  azote,  and  give^  it  to 
the  soil  as  manure,  they  had  derived  the  whole  supply  previously 
from  the  soU,  and  therefore  there  was  no  gain  in  regard  to  that 
richest  element.  But  the  leguminous  plants,  deriving  part  of  their 
azote  from  the  atmosphere,  give  so  much  to  the  soil,  if  used  as 
manure,  more  than  the  soil  had  before  furnished.  This  peculiar 
power  of  leguminous  plants  is  an  important  cause  of  their  well- 
known  peculiar  value  as  manuring  crops. 

It  has  long  been  a  received  and  unquestioned  opinion  among  in- 
telligent farmers,  that  the  growth  of  clover,  and  other  leguminous 
crops,  drew  away  from  the  soil  less  of  the  fertilizing  principles,  and 
returned  to  it  more,  than  any  others.  This'  opinion  prevailed  in 
districts  where  most  of  the  product  of  clover  was  usually  removed 
from  the  fields,  as  well  as  in  other  places  where  the  clover  was 
mostly  left  on  the  ground,  to  be  ploughed  under  as  manure.  In 
Lower  Virginia,  wherever  improvements  by  calcareous  manures  and 
by  clover  have  correctly  gone  together,  and  however  the  rotations 
'  of  crops  may  differ  in  other  respects,  there  is  one  part  of  the  courses 

■  of  crops  generally  alike,  viz.,  the  succession  of — 1st,  Indian  corn; 
:2d,  wheat ;  3d,  clover  ;  and  4th,  wheat.  On  some  farms  (of  best 
:soil,  which  only  can  bear  such  severe  cropping),  this  is  the  whole 
-course  constituting  a  four-shift  rotation.      On  others,  and  more 

generally,  a  fifth  year  is  added,  of  rest,  or  at  most  of  pasturage 
'Only,  and  interposed  between  the  fourth  crop,  wheat  on  clover,  and 
the  subsequent  recurrence  of  the  first  crop  in  the  series,  Indian 

■  corn.  In  either  case,  it  is  generally  believed  that  the  product  of 
the  second  crop  of  wheat,  sown  upon  clover  turned  under  as  manure, 
is  usually  about  double  that  of  the  first  crop  of  wheat  following 

icorn,  though  the  immediately  preceding  corn  crop  had  received  all 

the  prepared  putrescent  manure  given.  This  great  difference  of 
production,  however,  is  not  altogether  due  to  the  clover  manure 
for  the  second,  or  "fallow"  crop  of  wheat,  but  partly  to  the  cir- 
cumstance of  the  first  crop  of  wheat  having  followed  another  grain 
crop,  which  is  a  vile  succession,  and  must  always  lessen  the  second 
or  immediately  succeeding  crop  more  than  in  proportion  to  the  then 
actual  productive  powers  of  the  land.  In  my  own  practice,  as  in 
general  of  others,  there  have  been  no  separate  measurements  of 
these  two  nearest  crops  of  wheat,  or  any  parts  thereof,  from  the 
same  land.  But  the  same  estimate  of  difference  has  beet  made 
.upon  merely  general  observation,  viz.,  that  the  wheat  after  clover 
was  usually  double  as  much  as  the  previous  wheat  after  corn  on 
ithe  same  field.     My  own  putrescent  manure,  from  stable  and  stock- 
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pens,  has  been  given  exclusively  as  top-dressing  to  the  clover,  which 
is  so  much  the  more  in  favour  of  the  succeeding  wheat. 

The  scientific  and  practical  farmer  as  well  as  able  chemist, 
Boussingault,  has  with  great  care  ascertained  the  usual  or  average 
quantities,  and  also  the  chemical  contents,  of  the  clover  and  all  the 
other  crops  of  his  rotation,  so  as  to  make  certain  the  results  which 
with  other  persons  would  rest  merely  on  supposition,  or  loose  esti- 
mates._  On  his  farm,  Bechelbronn  in  Alsace,  he  says — "  For  a 
long  time  a  five  years'  rotation  has  there  been  adopted  in  the  fol- 
lowing order : — 

1st    year,  Potatoes,  or  beet-root,  manured. 

2d       "     Wheat,  sown  the  autumn  of  the  first  year;  clover  in 
the  spring. 

3d        "     Clover,  two  crops  [mown];  the  third  ploughed  in. 

4th      "      Wheat  on  the  clover  break:  turnips  after  the  wheat. 

5th      "      Oats. 

It  should  be  observed  of  this  rotation  that  the  first  crop  of  wheat 
was  preceded  by  potatoes,  a  forerunner  very  favourable  to  the  pro- 
duct of  the  succeeding  wheat;  and  still  more  so,  as  the  potato 
crop  had  all  the  manure  of  the  farm.  This  crop  of  wheat,  to  the 
acre,  averaged  20  bushels  and  31  lbs.  of  grain;  and  of  both  straw 
and  grain  4029  lbs.  The  clover  following  the  next  year  yielded 
2  crops  of  hay,  making  4675  lbs.  dry  (or  in  state  of  hay),  and  a 
third  crop,  pbughed  in  for  manure.  It  is  the  usage  in  Alsace  to 
mow  clover  very  young,  when  it  is  just  beginning  to  get  in  blossom ; 
hence  the  two  mowings  must  have  been  removed  so  early,  as  to 
allow  the  third  growth  to  be  as  heavy  as  each  of  the  two  first. 
Counting  it  then  as  one-third  of  the  whole,  the  year's  product  of 
«lover,  if  all  had  been  made  into  hay,  would  have  weighed  (4675-j- 
2337=)  7012  lbs. ;  of  which  one-third  only  was  left  on  the  land 
as  manure.  After  all  this  abstraction  from  the  land,  and  also  the 
prepared  manure  having  been  applied  to  the  first  crop  of  the  rota- 
tion, the  wheat  following  the  clover  yielded  the  average  of  25  bush. 
21  lbs.  of  grain,  and  straw  and  grain  together  4979  lbs. 

This  rotation  is  general  in  Alsace ;  and  speaking  of  general  re- 
sults, M.  Boussingault  says — "  The  remarkable  efiect  of  clover  [as 
a  manure  crop]  has  not  failed  to  arrest  the  attention  of  the  most 
unobserving.  The  wheat  crop  which  comes  after  our  drill  crop  in 
Alsace,  beets  or  potatoes,  averages  from  18  to  20  bushels  per  acre; 
but  the  wheat  succeeding  clover  averages  from  23  to  24  bushels." 
(p.  360.)  _ 

There  is  another  important  subject  for  consideration  and  com- 
parison of  clover  and  other  crops  (not  leguminous),  in  their  relative 
quantities  of  roots,  stubble,  or  other  residues,  or  offal  parts,  left  on 
the  land.  In  the  same  year  (1839),  when  the  season  was  not  pro- 
pitious to  either  crop,  the  residues  were  taken  by  M.  Boussingault 
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from  equal  spaces,  and  after  being  perfectly  cleared  of  the  adhe- 
ring earth,  were  dried,  weighed,  and  also  portions  of  each  analyzed. 
Of  the  two  crops  of  wheat  of  that  year,  averaged,  he  found  the 
whole  residue  of  stubble  and  roots  to  be  per  acre  : 

(from  grain,  weighing,  lbs.  1075)     lbs.     644 
Kesidue  of  clover 

stubble  and  roots.  (from  hay,    lbs.  2292)     «     1833 

Eesidue  of  oat  stubble  and  roots  (from  grain,  lbs.  1862)     "       836 

The  residues  of  wheat  and  oats  each  contained  per  acre  2  lbs.  of 
azote  only;  while  the  residue  of  the  clover  contained  26  lbs.  Of 
course  the  superiority  of  the  latter  in  quantity,  great  as  it  was  over 
the  other  residues,  was  still  greater  in  richness,  or  quality  foi 
manuring. 

While  all  persons  have  concurred  in  asserting  the  meliorating 
efiFects  of  clover  and  other  leguminous  crops,  there^  has  been  as 
general  an  erroneous  agreement  as  to  the  cause  of  this  quality.  ^  It 
has  been  assumed  by  our  scientific  instructors,  and  their  doctrine 
was  received  without  question,  that  plants  with  broad  leaves  ab- 
sorbed more  carbon  from  the  air,  and  hence  the  superiority  in  this 
respect  of  leguminous  plants  over  all  of  the  narrow-leaved  tribes. 
Never  was  there  an  opinion  more  generally  admitted  on  a  weaker 
foundation,  or  more  easy  to  overthrow.  Several  cultivated  crops, 
as  tobacco,  palma-christi,  cabbage,  turnip,  pumpkin,  and  other  like 
vines,  have  much  broader  leaves  than  any  of  the  legumes ;  but 
neither  of  these  has  ever  been  deemed  to  have  any  peculiar  power 
for  manuring  by  its  growth  and  decay  on  the  land.  Nearly  all 
forest  trees  also  have  very  broad  leaves,  and  they  exhibit  no  su- 
periority of  manuring  qualities  on  that  account,  whether  compared, 
with  narrow-leaved  trees,  or  with  leguminous  crops.  But  is  enough 
to  refer  to  the  numerous  analyses  of  plants  reported  by  chemists, 
all  of  which,  like  those  in  the  table  copied  on  a  preceding  page 
(244)  go  to  show  that  clover,  beans,  peas,  vetches,  &c.,  have  in 
general  no  larger  proportions  of  carbon  than  other  and  even  the 
most  exhausting  plants.  Indeed,  of  this  element  there  is  a  close  ap- 
proximation to  equal  proportions  in  all  plants  whose  constituent 
parts  have  been  reported.  The  proportion  usually  varies  between 
45  and  50  per  cent,  of  the  whole  dry  weight  of  the  plant.  From  all 
these  facts,  it  may  be  inferred  as  being  nearly  a  correct  rule,  that  in 
general  the  plants  or  crops  which  yield  the  greatest  quantity  of  total 
product  to  the  acre,  in  dry  weight,  will  have  taken  up  (from  all 
sources,  and  of  course  mostly  from  the  atmosphere)  the  largest 
amount  of  carbon;  and  therefore  will  return  more  to  the  land  if 
left  to  act  as  manure.  We  must  then  look  to  other  powers  than 
that  of  absorbing  carbon  for  the  cause  of  the  superiority  of  clover 
as  manure — which,  as  Boussingault  says,  is  out  of  all  proportion 


VALUE   OF  THE   SOUTHERN  PEA.  261 

to_  the  quantity  of  the  crop  given  to  the  soil.  That  cause,  I  presume, 
will  be  found  partly  in  the  greater  product  and  quantity  of  residue 
to  the  acre  than  is  left  by  most  other  crops ;  but  still  more  because 
of  the  greater  quantity  of  azote  contained  in  the  residue  of  roots 
and  stubble,  as  well  as  of  the  crops  consumed  as  forage,  or  left  to 
be  ploughed  under,  and  in  both  cases,  though  in  different  ways, 
serving  as  manure  to  the  land. 

Of  grain  crops,  or  any  others  which  take  all  their  contents  of 
azote  from  the  soil,  and,  if  sold  or  removed  from  the  farm,  those 
which  have  taken  up  and  removed  the  most  azote  from  the  land, 
must  be  the  most  exhausting  of  its  fertilizing  principles.  And  such 
would  be  the  leguminous  crops,  far  beyond  all  others,  if  they  came 
under  the  conditions  named,  as  they  contain  much  the  largest  quan- 
tities of  azote.  As  they  are  known  by  observation  to  be  among  the 
least  exhausting,  even  when  removed  from  the  farm,  that  alone 
would  strongly  indicate,  what  Boussingault's  experiments  have 
proved,  that  these  crops  take  a  portion,  and  probably  the  larger 
portion,  of  their  azote  from  the  atmosphere.  Of  course,  when  re- 
turned to  the  earth  as  manure,  the  azote  so  drawn  from  the  air  is 
so  much  of  supply  of  the  richest  principle,  in  addition  to  all  others 
contained,  in  common  with  other  vegetable  substances.  We  can 
supply  barn-yard  and  other  animalized  and  azotized  manures  to  our 
farms  only  in  limiled  and  insufficient  quantities.  But  by  ploughing 
in  leguminous  manuring  crops,  azote  may  be  furnished  to  much 
greater  extent. 

Field  peas,  such  as  are  raised  in  England,  and  in  our  Northern 
States,  are  varieties  of  and  very  like  to  the  kinds  we  know  here  only 
as  garden  vegetables.  These  field  peas  contain  even  more  azote 
than  clover  does.  Lucerne  is  also  superior  to  clover  in  that  respect, 
and  European  field  beans  not  inferior.  All  these  plants  are  un- 
suited  to  our  climate,  or  unprofitable  for  culture  on  extensive 
spaces. 

But  we  have  a  leguminous  plant,  in  numerous  varieties,  native 
to  our  country,  and  little  known  except  in  Virginia  and  the  more 
Southern  States,  which,  as  a  green  manure,  and  meliorating  crop, 
is  scarcely  inferior  to  clover — and  for  some  qualities,  and  always  in 
more  southern  regions,  is  preferable  to  clover.  This  is  our  southern, 
or  "corn-field  pea,"  as  commonly  called,  from  being  most  generally 
raised  as  a  secondary  crop  among  com.  In  truth  it  is  not  a  pea, 
but  a  lean*     Of  this  plant,  I  know  of  no  chemical  analysis.     But 

*  Miller's  Gardener's  Dictionary  states  a  sufficiently  plain  distinction 
between  beans  and  peas,  by  describing  the  seeds  of  the  former  as  "  kidney- 
shaped,"  and  the  latter  as  "roundish."  The  only  pea  known  to  me  as  a 
cultivated  plant,  other  than  our  European  garden  peas,  has  very  small  and 
"roundish"  pale  green  seeds,  in  a  black  pod.  Even  this  is  more  like  the 
vetch  {vicia  sativa)  or  our  bad  weed  the  "partridge  pea,"  as  to  seeds  and 
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it  may  be  safely  inferred,  from  its  being  a  legume,  from  its  luxuri- 
ance of  growth,  and  also  from  all  of  the  little  careful  observation 
that  has  been  yet  directed  to  it,  that  our  native  southern  pea  or 
bean  is  a  fertilizer  of  great  value,  and  whose  value  in  this  respect  is 
just  beginning  to  be  understood.  My  own  experience  of  this  plant, 
in  field  culture,  is  but  a  few  years  old.  But  it  has  been  so  encourag- 
ing in  the  results,  that  I  have  already  extended  this  growth,  so  as  to 
make  it  occupy  an  entire  field,  and  to  make  an  important  part  of 
my  rotation.  It  is  too  soon  yet  to  rely  on  such  recent  facts  and 
observations.  But  so  far  as  tested  by  my  experience,  I  have  every 
reason  to  value  highly  this  as  a  manuring  crop,  and  especially  as  a 
preparatory  crop  for  wheat.* 

If  this  plant  was  not  an  annual,  and  requiring  (when  sown  sepa- 
rately as  a  fallow  or  manure  crop)  to  have  the  land  ploughed  for 
its  seeding,  it  would  be  more  valuable  than  clover.  This  defect  is 
however  in  one  aspect  an  advantage ;  as  we  can  raise  the  crop  in 
three  or  four  months  from  the  Seeding,  to  the  state  of  full  growth 
fit  for  ploughing  under,  with  more  certainty  of  success,  both  in  the 
standing  and  producing,  than  with  clover  in  sixteen  months  from 
the  sowing.  Farther  south,  the  growth  and  production  of  the  bean 
crop  becomes  better,  in  proportion  as  clover  becomes  more  precari- 
ous and  generally  unproductive. 

In  the  preceding  pages  I  have  endeavoured  to  explain  and  to 
establish  these  opinions  : 

1.  That  azote,  the  smallest  but  richest,  and  for  its  quantity  by 
far  the  most  important  element  and  ingredient  of  plants,  is  derived 
by  most  plants  exclusively  from  the  soil ; 

2.  That  plants  of  the  leguminous  tribe,  and  they  alone,  so  far  as 
known,  possess  and  exert  the  power  also  to  draw  azote  directly  from 
the  atmosphere,  assimilate  and  fix  in  their  bodies  this  richest  ma- 
terial, and  to  give  it  as  manure  to  the  soil  on  which  they  grow,  and 
are  left  to  decay; 

3.  That  owing  to  this  peculiar  power,  leguminous  plants  are  the 
most  highly  enriching  to  soil,  as  manure. 

pods,  than  to  any  known  pea.     But  unlike  the  vetch,  it  is  not  a  vine,  but 
a  shrub. 

*  The  varieties  of  these  beans  are  innumerable.  The  most  common  and 
best  known  as  an  excellent  table  vegetable,  is  the  "black-eyed  pea,"  of 
vfhich  the  seed  is  white  with  a  black  spot  around  the  eye  or  germ.  This 
name,  made  doubly  incorrect,  is  extended  in  common  parlance,  and  in  lists 
of  prices-current,  to  all  the  varieties  of  this  crop,  and  seeds  of  various 
colours.  All  the  white  kinds  are  the  least  valuable  for  green  manui-ing 
crops,  because  producing  least  vine  and  leaf.  The  greatest  "  runners,"  or 
producers  of  vines,  and  making  the  heaviest  cover  to  the  ground,  are  all  late 
peas,  and  either  black,  red,  or  pale  buff  colour.  There  are  many  varieties, 
with  differences  of  time  and  manner  of  growth,  even  of  these  colours ;  and 
the  seeds  of  one  colour  not  distjnguishable  from  other  kinds  of  like  colour. 
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And  that  the  important  benefits  thus  to  be  derived  are  available 
only  through  the  aid  of  lime  in  soil,  is  the  important  deduction 
from  the  foregoing  positions,  as  premises,  which  I  now  design  to 
maintain. 

It  is  not  necessary  to  repeat  the  many  statements,  in  the  forego- 
ing portionof  this  essay,  of  the  peculiar  and  all-important  aid  and 
support  which  calcareous  matter  in  soils  furnishes  for  the  growth 
and  luxuriance  of  leguminous  plants  especially.  In  some  small 
proportion,  lime  in  soil  is  essential  to  the  life  of  all  plants,  and  to 
even  the  poorest  product  from  all  cultivated  crops.  In  larger, 
though  it  may  still  be  but  very  small  proportion,  it  further  and 
greatly  improves  the  growth  and  production  of  all  cultivated  crops, 
and  all  except  acid  plants.  And  lime  in  greater  quantity  still,  in 
amount  serving  to  constitute  truly  calcareous  soil,  is  especially 
promotive  of  the  vigour  and  luxuriance  of  growth  of  all  leguminous 
plants,  and  even  essential  to  the  existence  of  some  of  them.  Saint- 
foin,  a  valuable  forage  plant  of  highly  calcareous  lands  in  Europe, 
cannot  live  in  any  natural  (non-calcareous)  soil  of  our  Atlantic 
slope.  Lucerne,  for  the  same  reason,  rarely  thrives  here,  and  never 
except  in  the  best  artificial  soils.  Red  clover,  the  chief  of  manuring 
and  forage  plants,  and  which  now  serves  as  one  of  the  principal  and 
essential  elements  of  our  present  improving  agricultural  system,  in 
connexion  with  the  use  of  calcareous  manures,  had  no  existence 
and  could  not  exist  in  field  culture  in  the  tide-water  region  before 
the  fitting  the  soils  for  its  support,  by  the  use  of  marl  and  lime. 

To  the  next  most  important  legume  and  manuring  plant,  our 
field  pea  or  bean,  lime,  in  quantity  is  as  much  conducive  to  its  greatest 
production,  as  to  clover;  but  it  is  not  so  essential  for  the  existence, 
and  moderate  productiveness,  of  this  kind  of  bean. 

3.    Operation  of  calcareous  earth  to  produce  nitrates  in  soil, 
and  compost  heaps. 

In  sundry  marginal  notes  to  the  foregoing  pages,  the  recent 
words  or  opinions  of  Prof.  Johnston  have  been  quoted,  to  show 
their  concurrence  with  my  own  earlier  stated  positions.  It  is  highly 
gratifying  to  me  that  such  confirmation,  having  such  authority, 
may  be  adduced  to  support  nearly  every  deduction  of  mine  that 
bears  strongly  upon,  or  would  either  direct  or  divert  practical  ope- 
rations. His  lecture  "  on  the  use  of  lime  as  a  manure,"  especially 
offers  a  copioug  mass  of  information  on  this  subject,  both  scientific 
and  practical,  which  is  generally  correct,  and  more  instructive  than 
all  that  had  been  before  published  by  preceding  English  chemists 
and  agriculturists.  When  so  many  points  of  agreement  appear  of 
this  scientific  work  with  mine,  which  has  so  little  pretension  to 
science,  it  is  well  that  my  priority  of  publication  must  secure  me 
from  any  possible  charge  of  plagiarism.    I  am  altogether  unqualified 
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to  judge  of  many  of  the  chemical  doctrines  and  facts  presented  by 
Johnston;  but  infer  that  they  are  among  the  unquestioned  results 
of  the  latest  and  ablest  chemical  researches.  As  a  matter  of  course, 
the  scientific  author  may  be  supposed  to  have  no  personal  acquaint- 
ance with  practical  farming.  But  his  numerous  agricultural  facts, 
though  received  from  other  persons,  are  not  less  the  fruits  of 
practice  and  observation,  and  therefore  are  worthy  of  much  respect, 
even  when  not  to  be  admitted  as  conclusive.  Though  knowing 
nothing  of  this  author,  except  from  his  book,  and  confessedly  unfit 
to  decide  on  the  correctness  of  many  of  its  scientific  positions, 
still  I  accept  this  work  as  the  latest  and  fullest  embodiment  and 
digest  of  the  now  received  doctrines  of  agricultural  chemistry  in 
Europe,  and  of  agriculture  in  Englani^ ;  and  so  esteeming  the  work, 
it  will  be  again  referred  to,  as  has  been  done  before,  whether  for 
support  of  my  own  positions,  as  in  many  previous  citations — or  to 
derive  new  lights  and  information,  as  now, — or  to  oppose  or  refute, 
as  has  been  attempted  in  other  cases. 

This  section  will  present  additional  effects  and  valuable  opera- 
tions of  calcareous  manures,  for  which  subjects,  either  wholly  or 
in  part,  I  am  indebted  to  Johnston,  and  to  whom  the  credit  due 
will  be  particularly  as  well  as  thus  generally  awarded.  The  most 
interesting  and  important  of  such  new  or  additional  positions,  is 
the  power  of  calcareous  earth,  in  soil,  or  in  comgost  heaps  of 
manure,  to  form  nitrates  from  atmospheric  supply  of  material. 

The  same  two  elements,  oxygen  and  nitrogen,  which  when  in- 
termixed in  gaseous  form,  and  in  certain  uniform  proportions,  serve 
to  make  atmospheric  air,  will,  when  chemically  combined,  consti- 
tute nitric  acid.  Such  combination  is  produced  by  electricity.  "It 
is  known,"  says  Boussingault,  "that  so  often  as  a  succession  of 
electrical  sparks  passes  through  moist  air,  there  is  formation  and 
combination  of  nitric  acid  and  ammonia.  Now  nitrate  of  ammonia 
is  one  of  the  constant  ingredients  in  the  rain  of  thunder-storms." 
(p.  494.)  "  The  currents  of  electricity  which  in  nature  traverse 
the  atmosphere  must  produce  the  same  effect  [of  forming  nitric 
acid],  and  the  passage  of  each  flash  of  lightning  through  the  air 
must  be  attended  by  the  formation  of  some  portion  of  this  acid." 
(Johnston,  p.  160.) 

Ammonia,  the  volatile  or  aeriform  alkali,  is  a  chemical  compound 
of  nitrogen  (azote),  one  of  the  two  elements  of  •atmospheric  air, 
and  hydrogen,  one  of  the  two  elements  of  water.  .Hence,  of  am- 
monia, as  of  nitric  acid,  there  are  in  the  ordinary  moist  air  of  the 
atmosphere,  the  most  abundant  materials  for  both  these  compound 
products.  There  is  wanting  only  the  agency  for  their  formation, 
which  is  exercised  by  nature  only  (as  by  lightning),  and  that  spa- 
ringly, though  incessantly,  in  some  or  other  regions  of  the  atmo- 
Bphere.     Both  ammonia  and  the  nitrates  (the  certain  and  imme- 
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diate  products  of  nitric ,  acid  on  the  soil),  are  well  known  to  be 
highly  fertilizing.  The  foregoing  passages  show  (besides  other 
known  sources)  that  the  air  supplies  both,  and  that  the  surface 
of  the  earth,  everywhere,  is  sure  to  be  more  or  less  supplied  from 
the  air,  with  ammonia  and  nitric  acid.  Nitrogen,  which  is  one 
of  the  two  constituent  parts  of  both  these  fertilizing  compounds,  is 
also  the  richest  and  the  most  important  element  (for  the  small  pro- 
portion required),  in  the  nutriment  of  plants,  and  the  most  power- 
ful promoter  of  their  luxuriance  and  perfection  of  growth.  It  may 
be  inferred,  that  it  is  by  furnishing  their  element  nitrogen  to 
plants,  that  both  ammonia  and  the  nitrates  are  such  important  aids 
to  vegetable  growth,  and  to  the  fertility  of  soils.  Ammonia  is 
produced  and  evolved  in  large  quantity  by  the  putrefaction  of  .all 
animal  substances.  Also,  "  during  the  decay  of  vegetable  sub- 
stances in  moist  air,  ammonia  is  formed  at  the  expense  of  the  hy- 
drogen of  the  water  and  of  the  nitrogen  -of  the  air.  In  conse- 
quence of,  or  in  connexion  with,  such  decay,  nitric  acid  is  also 
largely  produced  in  nature." — (Johnston,  p.  161.) 

"  The  most  familiar,  as  well  as  the  most  instructive  examples  of 
this  formation  of  nitric  acid,  is  in  the  artificial  nitrB-beds  of  France 
and  the  north  of  Europe.  These  are  formed  of  earth  [calcareous 
in  part],  stable  manure,  or  other  animal  and  vegetable  matters,  the 
mixture  laid  in  ridges,  occasionally  watered  with  liquid  manure, 
and  turned  over,  to  expose  fresh  portions  to  the  air.  After  a  time, 
perhaps  once  a  year,  the  whole  is  washed,  when  the  water  which 
comes  off  is  found  to  contain  a  variable  quantity  of  the  nitrates  of 
potash,  soda,  lime,  and  magnesia,  which  are  employed  for  the  manu- 
facture of  saltpetre.  In  these  nitre-beds,  it  has  been  observed  that 
the  production  of  nitric  acid  either  does  not  take  place  at  all,  or 
only  with  extreme  slowness,  unless  animal  and  vegetable  matter  be 
present  in  considerable  proportion.  And  yet  the  quantity  of  nitric 
acid  which  is  formed  is  much  greater  than  could  be  produced  by 
the  oxydation  of  the  whole  of  the  nitrogen  contained  in  the  organic 

matters  present  in  the  mixture It  appears,  therefore, 

that  organic  matters  are,  in  our  climate,  necessary  to  cause  the  for- 
mation of  nitric  acid  to  commence  ;  but  that  after  it  has  begun,  it 
will  proceed  in  the  same  heap  for  an  indefinite  period,  and  at  the 
expense  apparently  of  the  nitrogen  of  the  air  only. 

"  Compost  heaps  [of  manure,  formed»of  rich  soil,  animal  manure, 
and  lime  or  calcareous  earth]  are  in  general  only  artificial  nitre- 
beds,  often  unskilfully  prepared,  and  badly  managed,  producing, 
however,  a  certain  quantity  of  nitrates,  to  the  presence  of  which, 
their  effect  on  vegetation  may  not  unfrequently  be  ascribed.  .  .  . 
The  soils  in  the  plains  of  India,  and  in  other  similar  spots  in  the 
tropical  regions,  may  be  regarded  as  natural  nitre-beds,  in  which 
the  decay  of  organic  matter  being  vastly  more  rapid  than  in  our 
23 
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temperate  regions,  the  production  of  nitric  acid  is  rapid  in  propor- 
tion."— (Johnston,  p.  161.) 

Thus,  and  in  other  modes,  by  the  presence  and  agency  of  calca- 
reous earth,  it  may  be  supposed  that  nitrogen  (or  azote),  whiqh  is 
the  essential  element  of  all  rich  putrescent  manures,  is  continually 
produced  from  the  atmosphere ;  and  that  the  results,  in  titrates, 
are  given  to  growing  plants,  by  which  they  obtain  and  assimilate 
the  necessary  nitrogen,  which  could  not  be  otherwise  obtained,  ex- 
cept from  large  supplies  of  rich  animal  manures. 

If  these  views  are  sound,  they  lead  to  most  important  conse- 
quences, and  suggest  the  existence  of  before  unknown  enriching 
and  fructifying  agencies  of  lime,  continually  at  work,  in  drawing 
rich  manure  from  the  air,  and  giving  the  supplies  to  each  successive 
crop  of  growing  plants,  so  long  as  the  lime  and  organic  matter  re- 
main together  in  the  soil. 

These  views  also  serve  to  throw  much  light  on  some  opinions 
and  facts  in  reference  to  the  benefits  of  lime,  which  I  formerly 
brought  before  the  public,  because  of  their  interest,  but  of  which 
the  causes  were  then  left  in  all  their  obscurity.  One  class  of  facts 
were  presented«in  the  very  light  limings  of  La  Sarthe,  in  Prance, 
of  about  11  bushels  only  to  the  acre  (though  repeated  in  every 
round  of  four  crops),  and  showing  undoubted  good  effects.  This 
was  stated  in  Puvis'  "  Essay  on  Lime,"*  which  I  translated  and 
published  in  the  third  volume  of  the  "  Farmers'  Eegister."  The 
other  facts  referred  to,  doubtless  were  produced  by  that  publication. 
Mr.  Peter  Mellett,  of  Sumpter,  S.  C,  pursued  a  similar  course  of 
liming,  and  even  with  still  lighter  though  more  frequent  dressings, 
giving  but  2J  bushels  to  the  acre,  annually,  and  yet  with  satisfac' 
tory  results,  and  manifest  and  progressively  increasing  improve- 
ment of  both  land  and  crops. "j"  The  process  in  both  cases  was  to 
form  compost  heaps  of  alternate  layers  of  earth,  putrescent  manureSj 
and  lime  in  very  small  proportion.  In  both  cases,  the  evidences  of 
the  results  seemed  unquestionable.  Yet  to  me,  the  reported  effects 
then  seemed  to  exceed  the  operation  of  all  the  then  known  causes, 
in  enormous  disproportion.  But  the  difficulties  of  comprehension 
will  be  removed  by  explanations  suggested  by  the  passages  quoted 
above.  These  compost  heaps  were  in  fact  nitre-beds ;  and  the  lime 
acted  much  less  by  its  quantity,  and  directly,  as  manure,  than  by 
inducing  the  formation  of  nitrates,  and  thereby  furnishing  supplies 
of  nitrogen  to  the  crops.  Another  circumstance  strengthens  this 
conjecture.     Puvis  states  of  this  practice,  which  was  'extensively 

*  "  Des  differens  moyens  d'amender  le  sol,"  in  the  "  Annales  d' Agriculture 
Franfaise,"  for  1835-6. 

f  These  facts  Tfere  more  fully  stated  in  my  "Report  of  the  Agricultural 
Survey  of  South  Carolina,"  made  in  1843,  under  the  order  and  appoint- 
ment of  the  government  of  that  State. 
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in  use  in  Normandy,  tliat  tie  longer  the  compost  Leaps  were  kept 
before  being  carried  out  as  manure,  and  the  more  often  they  were 
cut  down,  the  parts  mixed,  and  again  heaped,  the  richer  and  more 
efficient  would  be  the  manure.  Now  this  seemed  scarcely  less 
strange  than  the  general  result.  For,  after  as  many  mixings  and 
turnings  of  the  mass  as  would  serve  for  thoroughly  separating  each 
ingredient,  and  mingling  the  whole  together,  with  enough  of  time 
for  the  combining  chemical  action  between  the  diiFerent  elements, 
there  appeared  no  reason  why  the  compound  mass  could  gain  more 
in  richness,  and  the  putrescent  parts  would  probably  lose,  by  con- 
tinued exposure  and  further  decomposition.  But  even  if  such 
were  the  case  as  to  the  original  materials  of  the  compost,  yet  doubt- 
less the  formation  of  nitrates  continued,  and  their  quantity  was  in- 
creased with  every  new  exposure  of  surface,  and  through  the  whole 
course  of  time. 

Under  these  impressions,  I  now  deem  much  more  valuable  and 
worthy  of  imitation  the  very  light  limings,  in  compost,  of  La 
Sarthe ;  and  as  especially  suitable  when  a  farm  throughout  has 
once  been  well  calxed,  and  it  is  yet  too  soon  to  repeat  the  applica- 
tion in  any  considerable  quantity.  This  plan,  of  very  light  lim- 
ings, in  compost,  oifers  ample  remuneration  for  using  lime  as  ma- 
nure in  localities  so  distant  from  the  source  of  supply,  that  the 
carriage  of  enough  for  ordinary  dressings  might  be  more  expensive 
than  profitable.* 

§  III.  Improving  the  Jiealth,  and  promoting  the  vigour  and  perfec- 
tion of  plants. 

The  beneficial  effects  of  calxing  are  not  to  be  measured  by  the 
mere  increase  of  the  bulk  or  quantity  of  products,  and  still  less  in 
comparison  with  crops  on  similar  land  not  yet  calxed,  in  seasons 
when  both  lands,  according  to  their  different  qualities,  yield  well. 
The  addition  of  calcareous  earth,  when  before  greatly  deficient,  serves 
to  so  improve  the  fitness  of  the  land  for  vegetable  production,  that 

*  It  may  be  of  use  to  some  readers,  Who  have  no  access  to  either  of  the 
works  above  referred  to,  to  state  here  concisely  the  mode  of  making  this 
cojnpost  in  Normandy,  and  also  in  Belgium,  as  reported  by  Puvis.  He 
says: — "There  is  first  made  a  bed  of  earth,  mould,  or  turf  [peat],  of  a 
foot  or  thereabout  in  thickness.  The  lumps  are  chopped  down,  and  then 
is  spread  over  a  layer  of  unslaked  lime,  of  a  hectolitre  [2f  bushels]  for 
every  20  cubic  feet  of  earth.  Upon  this  lime  is  to  be  placed  another  layer 
of  earth  [of  like  kind],  equal  in  thickness  to  the  first,  then  a  second  layer 
of  lime ;  and  then  the  heap  is  finished  by  a  third  layer  of  earth."  As  soon 
as  the  lime  is  fully  slaked,  by  the  moisture  of  the  earth,  "  the  heap  is  cut 
down,  and  well  mixed ;  and  this  operation  is  repeated  afterwards,  before 
using  the  manure,  which  is  postponed  as  long  as  possible,  because  the 
power  of  the  effect  on  the  soil  is  increased  with  the  age  of  the  compost, 
and  especially  if  it  has  been  made  with  earth  containing  much  vegetable 
mould  " 
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all  plants  grown  thereon  will  be  more  healthy,  more  able  to  resist 
all  causes  of  disease  and  disaster,  to  bear  up  unhurt  under  injuries 
of  season,  insects,  &o.,  which  would  have  either  destroyed,  or 
greatly  injured  the  feebler  and  diseased  growth  of  a  soil  deficient 
in  lime.  Plants  thus  receive  that  endowment  which  in  regard  to 
animals  is  called  a  good  physical  constitution.  And  the  difference 
between  the  possession  of  this  good  constitution  and  the  want  of  it, 
whether  in  animals  or  plants,  in  most  times  for  comparison,  would 
be  as  the  difference  between  perfect  health  and  full  ability  on  the 
one  side,  and  of  disease  or  decay  on  the  other. 

In  this  aspect,  the  superiority  of  product  from  calxed  land,  how- 
ever great  it  may  be  over  the  uncalxed,  in  any  particular  season 
not  disastrous  to  the  growth  of  either,  is  of  less  account  and  value 
than  the  ability  of  the  former  to  maintain  good  products,  under 
circumstances  of  injury  which  would  greatly  reduce  the  production 
of  the  latter. 

In  addition  to  this  much  greater  certainty  of  calxed  land  pro- 
ducing crops  proportioned  to  its  fertility,  than  of  the  un-calxed,  in 
proportion  to  its  lesser  rate  there  is  the  further  advantage  that  the 
growth  of  the  former  is  in  comparison  more  perfect  and  more  valu- 
able than  would  be  indicated  by  mere  quantities.  The  grain  of 
wheat  is  heavier  to  the  measure,  has  a  thinner  skin,  and  yields 
more  flour,  on  calxed  soils,  or  those  naturally  calcareous ;  "  while 
this  flour  is  said  also  to  be  richer  in  gluten,"  and  of  course  will 
make  more  and  better  bread. — (Johnston,  p.  391.)  These  benefits 
are  in  addition  to  the  greater  quantity  and  also  the  greater  cer- 
tainty of  production.  Though  the  millers  of  this  country  have 
been  slow  to  learn  these  truths,  still  they  are  beginning  to  know 
that  the  wheat  produced  on  calxed  lands  is  the  most  valuable. 
Johnston  says  that  liming  "  improves  the  quality  of  almost  every 
cultivated  crop." — "  All  fodder  [grass,  &c.],  whether  natural  or 
artificial,  is  said  to  be  sounder  and  more  nourishing  when  grown 
upon  land  to  which  lime  has  been  abundantly  applied." — "  Pota- 
toes are  made  more  mealy  and  palatable,  especially  on  moist  lands 
needing  draining.  Turnips,  peas,  and  beanB  are  also  improved  for 
food,  in  addition  to  the  increase  of  crops." 


CHAPTER  XXV. 

THE  USE  or  CAIiCAREOUS  EARTH  RECOMMENDED  TO  PRESERVE 
PUTRESCENT  MANURES,  AND  TO  PROMOTE  CLEANLINESS  AND 
HEALTH. 

The  operation  of  calcareous  earth  in  enriching  barren  soils  has 
been,  in  a  former  part  of  this  essay,  ascribed  mainly  to  the  chemi- 
cal power  possessed  by  that  earth  of  combining  with  putrescent 
matters,  or  with  the  products  of  their  decomposition  ;  and  in  that 
manner  preserving  them  from  waste,  for  the  use  of  the  soil,  and 
for  the  food  of  growing  plants.  That  power  was  exemplified  by 
the  details  of  an  experiment  (page  95),  in  which  the  carcass  of  an 
animal  was  so  acted  on,  and  its  enriching  properties  secured.  That 
trial  of  the  putrefaction  of  animal  inatter  in  contact  with  calcare- 
ous earth,  was  commenced  with  a  view  to  results  very  different 
from  those  which  were  obtained.  ^  Darwin  says  that  nitrous  acid 
is  produced  in  the  process  of  fermentation,  and  he  supposes  the 
nitrate  of  lime  to  be  very  serviceable  to  vegetation.*  As  the 
nitrous  acid  is  a  gas,  it  must  pass  off  into  the  air,  under  ordinary 
circumstances,  as  fast  as  it  is  formed,  and  be  entirely  lost.  But  as 
it  is  strongly  attracted  by  lime,  it  was  supposed  that  a  cover  of 
calcareous  earth  would  arrest  it,  and  form  a  new  combination, 
which,  if  not  precisely  nitrate  of  lime,  would  at  least  be  composed 
of  the  same  elements,  though  in  different  proportions.  To  ascertain 
whether  any  such  combination  had  taken  place,  when  the  manure 
was  used,  a  handful  of  the  marl  was  taken,  which  had  been  in  im- 
mediate contact  with  the  carcass,  and  thrown  into  a  glass  of  hot 
water.  After  remaining  half  an  hour,  the  fluid  was  poured  off, 
filtered,  and  evaporated,  and  left  a  considerable  proportion  of  a 
white  soluble  salt  (supposed  eight  or  ten  grains).  I  could  not 
ascertain  its  kind;  bilt  it  was  not  deliquescent,  and  therefore 
could  not  have  been  the  nitrate  of  lime.  The  spot  on  which  the 
carcass  lay  was  so  strongly  impregnated  by  this  salt,  that  it  re- 
mained bare  of  vegetation  for  several  years,  and  until  the  field  was 
ploughed  for  cultivation. 

But  whatever  were  the  products  of  decomposition  saved  by  this 
experiment,  the  absence  of  all  offensive  efSuvia  throughout  the 
process  sufficiently  proved  that  little  or  nothing  was  lost,  as  every 
atom  must  be,  when  flesh  putrefies  in  the  open  air ;  and  I  presume 
that  a  cover  of  equal  thickness  of  clay,  or  sand,  or  any  mixture 
of  both,  without  calcareous  earth,  would  have  had  very  little  effect 

*  Darwin's  Phytologia,  pp.  210  and  224.  Dublin  edition. 
23  *  (269) 
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in  arresting  and  retaining  the  aeriform  products  of  putrefaction. 
All  the  circumstances  of  this  experiment,  and  particularly  the 
good  effect  exhibited  by  the  manure  when  put  to  use,  proved  the 
propriety  of  extending  a  similar  practice.  In  the  neighbourhood 
of  towns,  or  wherever  else  the  carcasses  of  animals,  or  any  other 
animal  substances  subject  to  rapid  and  wasteful  putrefaction,  can 
be  obtained  in  great  quantity,  all  their  enriching  powers  m^ght  be 
secured,  by  depositing  them  between  layers  of  marl,  or  calcareous 
earth  in  any  other  form.  It  is  said  that  on  the  borders  of  the 
Chowan,  herrings  are  often  used  as  manure,  when  purchasers  can- 
not take  off  the  quantities  supplied  by  the  seines.  A  herring  is 
buried  under  each  corn-hill,  and  fine  crops  are  thus  made  as  far  as 
this  singular  mode  of  manuring  is  extended.  But  whatever  benefits 
have  been  thus  derived,  the  sense  of  smelling,  as  well  as  the  known 
chemical  products  of  the  process  of  animal  putrefaction,  make  it 
certain  that  nine-tenths  of  all  this  rich  manure,  when  so  applied, 
must  be  wasted  in  the  air.  If  those  who  fortunately  possess  this 
supply  of  animal  manure  would  cause  the  fermentation  to  take 
place  and  be  completely  ijiixed  with  and  enclosed  by  marl,  in  pits 
of  suitable  size,  they  would  increase  prodigiously  both  the  amount 
and  permanency  of  their  acting  animal  manure,  besides  obtaining 
the  benefit  of  the  calcareous  earth  mixed  with  it.* 

But  without  regarding  such  uncommon  or  abundant  sources  for 
supplying  animal  matter,  every  farmer  may  considerably  increase 
his  stock  of  putrescent  manure  by  usiug  the  preservative  power  of 
marl ;  and  all  the  substances  that  might  be  so  saved  are  not  only 
now  lost  to  the  land,  but  serve  to  contaminate  the  air  while  putre- 
fying, and  perhaps  to  engender  disease.  The  last  consideration  is 
of  most  importance  to  towns,  though  worthy  of  attention  every- 
where. Whoever  will  make  the  trial  will  be  surprised  to  find  how 
much  putrescent  matter  may  be  collected  from  the  dwelling-house, 
kitchen,  and  laundry  of  a  family ;  and  which  if  accumulated 
(without  mixture  with  calcareous  earth),  would  soon  become  so 
offensive  as  to  show  the  necessity  of  putting  an  end  to  the  practice. 
Yet  it  must  be  admitted  that  when  all  such  matters  are  scattered 
about  (as  is  usual  both  in  town  and  country),  over  an  extended 
surface,  the  same  putrefaction  must  ensue,  and  the  same  noxious 
eifluvia  be  evolved,  though  not  enough  concentrated  to  be  very 
offensive,  or  even  always  perceptible.     The  same  amount  is  in- 

*  I  have  since  heard  that  this  mode  of  manuring,  but  with  the  garbage 
of  the  herrings,  is  a  general  and  very  extensive  practice  on  the  borders  of 
Albemarle  Sound.  By  the  enormous  seines  there  used,  herrings  are  taken 
in  numbers  that  seem  scarcely  credible  ;  and  all  the  fish  are  trimmed  and 
salted  at  the  fisheries.  This  great  and  regular  supply  of  garbage  used  as 
manure,  is  of  great  value,  even  with,  all  the  usual  waste  in  the  air ;  but 
would  be  of  ten-fold  value  if  treated  as  recommended  above. 
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haled — ^but  in  a  very  diluted  state,  and  in  small  though  incessantly 
repeated  doses.  But  if  mild  calcareous  earth  in  any  form  (and 
fossil  shells  or  marl  present  much  the  cheapest)  is  used  to  cover 
and  mix  with  the  putrescent  matters  so  collected,  they  will  be  pre-  • 
vented  from  discharging  offensive  effluvia,  and  preserved  to  enrich 
the  soil.  A  malignant  and  ever  acting  enemy  will  be  converted  to 
a  friend  and  benefactor. 

The  ^  usual  dispersion  and  waste  of  such  putrescent  and  excre- 
mentitious  matters  about  a  farm-house,  though  a  considerable  loss 
to  agriculture,  may  take  place  without  being  very  offensive  to  the 
senses,  or  manifestly  injurious  to  health.  But  the  case  is  widely 
different  in  towns.  There,  unless  great  care  is  continually  used  to 
remove  or  destroy  filth  of  every  kind,  it  soon  becomes  offensive,  if 
not  pestilential.  During  the  summer  of  1832,  when  that  most 
horrible  scourge  of  the  human  race,  the  Asiatic  cholera,  was  deso- 
lating some  of  the  towns  of  the  United  States,  and  all  were  ex- 
pected to  be  visited  by  its  fatal  ravages,  great  and  unusual  exertions 
were  everywhere  used  to  remove  and  prevent  the'  accumulation  of 
filth,  which,  if  allowed  to  remain,  it  was  supposed  would  invite  the 
approach,  and  aid  the  effects  of  the  pestilence.  The  efforts  made 
for  that  purpose  served  to  show  what  a  vast  amount  of  putrescent 
matter  existed  in  every  town,  and  which  was  so  rapidly  reproduced, 
that  its  complete  riddance  was  impossible.  Immense  quantities  of 
the  richest  manures,  or  materials  for  them,  were  washed  away  into 
the  rivers — caustic  lime  was  used  to  destroy  them — and  the  chlo- 
ride of  lime  to  decompose  the  offensive  products  of  their  fermenta- 
tion, when  that  process  had  already  occurred.  All  this  amount  of 
labour  and  expense  was  directed  to  the  complete  destruction  of  what 
might  have  given  fertility  to  many  adjacent  fields — and  yet  served 
to  cleanse  the  towns  but  imperfectly,  and  for  a  very  short  time. 
Yet  the  object  in  view  might  have  been  better  attained  by  the  pre- 
vious adoption  of  the  proper  means  for  preserving  these  putrescent 
matters,  than  by  destroying  them.  These  means  would  be  to  mix 
or  cover  all  accumulations  of  such  matters  with  rich  marl  (which 
would  be  the  better  for  the  purpose  if  its  shells  were  in  small  par- 
ticles), and  in  such  quantity  as  the  effect  would  show  to  be  suffi- 
cient. But  much  the  greater  part  of  the  filth  of  a  town  is  not,  and 
cannot  be  accumulated ;  and  from  being  dispersed  is  the  most  diffi- 
cult to  remove,  and  is  probably  the  most  noxious  in  its  usual  course 
of  fermentation.  This  would  be  guarded  against  by  covering 
thickly  with  marl  the  floor  of  every  cellar  and  stable,  back-yard 
and  stable  lot.  Every  other  vacant  space  should  be  lightly  covered. 
The  same  course  pursued  on  the  gardens  and  other  cultivated 
grounds  would  be  sufficiently  compensated  by  their  increased  pro- 
ducts that  would  be  obtained.  But  independent  of  that  considera- 
tion, the  manures  there  applied  would  be  prevented  from  escaping 
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into  the  air ;  and  being  whofiy  retained  by  the  soil,  muph  smaller 
applications  would  serve.  The  level  streets  ought  also  to_  be  sprin- 
kled with  marl,  and  as  often  as  circumstances  might  require.  The 
various  putrescent  matters  usually  left  in  the  streets  of  a  town 
alone  serve  to  make  the  dirt  scraped  from  them  a  valuable  manure; 
for  the  principal  part  of  the  bulk  of  street  dirt  is  composed  merely 
of  the  barren  clay  brought  in  upon  the  wheels  of  wagons  from  the 
country  roads.  Such  a  cover  of  calcareous  earth  would  be  the 
most  effectual  absorbent  and  preserver  of  putrescent  matter,  as  well 
as  the  cheapest  mode  of  keeping  a  town  always  clean.  There 
would  be  less  noxious  or  offensive  effluvia  than  is  generated  in 
spite  of  all  the  ordinary  means  of  prevention ;  and  by  scraping  up 
and  removing  the  marl  after  it  had  combined  with  and  secured 
enough  of  putrescent  matter,  a  compost  would  be  obtained  for  the 
use  of  the  surrounding  country,  so  rich  and  so  abundant,  that  its 
use  would  repay  a  large  part,  if  not  the  whole  of  the  expense 
incurred  in  its  production.  Probably  one  covering  of  marl  for 
each  year  would  serve  for  most  yards,  cellars,  &c.;  but  if  re- 
quired oftener,  it  would  only  prove  the  necessity  for  the  opera- 
tion, and  show  the  greater  value  in  the  results.  The  compost  that 
might  be  obtained  from  spaces  equal  to  500  acres,  in  a  populous 
town,  would  durably  enrich  thrice  as  many  acres  of  the  adjacent 
country;  and  after  twenty  years  of  such  a  course,  the  surrounding 
farms  might  be  capable  of  returning  to  the  town  a  ten-fold  in- 
creased surplus  product.  After  the  qualities  and  value  of  the 
manure  so  formed  were  properly  appreciated,  it  would  be  used  for 
farms  that  would  be  out  of  the  reach  of  all  other  calcareous  manures. 
Carts  bringing  country  produce  to  market  might  with -profit  carry 
back  loads  of  this  compost  eight  or  ten  miles.  The  annual  supply 
that  the  country  might  be  furnished  with  would  produce  very  dif- 
ferent effects  from  the  putrescent  and  fleeting  manure  now  obtained 
from  the  town  stables.  Of  the  little  durable  benefit  heretofore 
derived  from  such  means,  the  appearance  of  the  country  offers 
sufficient  testimony.  At  three  miles  distance  from  some  of  the 
principal  towns  in  Virginia,  more  than  half  the  cultivated  land  is 
too  poor  to  yield  any  farming  profit.  The  surplus  grain  sent  to 
market  is  very  inconsiderable — and  the  coarse  hay  from  the  wet 
natural  meadows  can  only  be  sold  to  tavern-keepers,  or  those  who 
feed  horses  belonging  to  other  persons — and  to  whom  that  hay  is 
the  most  desirable  that  is  least  likely  to  be  eaten. 

But  even  if  the  waste  and  destruction  of  manure  in  towns  were 
counted  as  nothing,  and  the  preservation  of  health  by  keeping  the 
air  pure  were  the  only  object  sought,  still  calcareous  earth,  as  pre- 
sented by  rich  marl,  would  serve  the  purpose  far  better  than 
quick-lime.  It  is  true  that  the  latter  substance  acts  powerfully  in 
decomposing  putrescent  animal  matter,  and  destroys  its  texture 
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and  qualities  so  completely,  that  the  operation  is  commonly  and 
expressively  called  "burning"  the  substances  acted  on.  But  to 
use  a  sufficient  quantity  of  quick-lime  to  meet  and  decompose  aH 
putrescent  animal  matters  in  a  town  would  be  intolerably  expen- 
sive, and  still  more  objectionable  in  other  respects.  If  a  cover  of 
dry  quick-lime  in  powder  was  spread  over  all  the  surfaces  requiring, 
it  for  this  purpose,  the  town  would  be  unfit  to  live  in ;  and  the 
nuisance  would  be  scarcely  less,  when  rain  had  changed  the  sufi'o- 
cating  dust  to  an  adhesive  mortar.  Woollen  clothing,  carpets,  and 
even  living  flesh,  would  be  continually  sustaining  injury  from  the 
contact.  No  such  objections  would  attend  the  use  of  mild  calca- 
reous earth;  and  this  could  be  obtained  probably  for  less  than  one-, 
third  of  the  cost  of  quick-lime,  supposing  an  equal  quantity  of 
pure  calcareous  matter  to  be  obtained  in  each  case.  At  this  time 
the  richest  marl  on  James  river  may  be  obtained  at  merely  the  cost 
of  digging,  and  its  carriage  by  water,  which,  if  undertaken  on  a 
large  scale,  could  liot  exceed,  and  probably  would  not  equal,  two 
cents  the  bushel.* 

The  putrescent  animal  matters  that  would  be  preserved  and  ren- 
dered innoxious  by  the  general  marling  of  the  site  of  a  town,  would 
be  mostly  such  are  so  dispersed  and  imperceptible  that  they  would 
otherwise  be  entirely  lost.  But  all  such  as  are  usually  saved  in 
part  would  be  doubled  in  quantity  and  value,  and  deprived  of  their 
offensive  and  noxious  qualities,  by  being  kept  mixed  with  calcareous 
earth.  The  importance  of  this  plan  being  adopted  with  the  pro- 
ducts of  privies,  &c.,  is  still  greater  in  town  than  country.  The 
various  matters  so  collected  and  combined  should  never  be  applied 
to  the  soil  alone,  as  the  salt  derived  from  the  kitchen,  and  the  pot- 
ash and  soap  from  the  laundry,  might  be  injurious  in  so  concen- 
trated a  form.  When  the  pit  for  receiving  this  compound  is 
emptied,  the  contents  should  be  spread  over  other  and  weaker 
manure  before  being  applied  to  the  field. 

Towns  might  furnish  many  other  kinds  of  rich  manure,  which 
are  now  lost  entirely.  Some  of  these  particularly  require  the  aid 
of  calcareous  earth  to  be  secured  from  destruction  by  putrefaction) 
and  others,  though  not  putrescent,  are  equally  wasted.  The. blood 
of  slaughtered  animals,  and  the  waste  and  rejected  articles  of  wool, 
■  hair,  feathers,  skin,  horn,  and  bones,  all  are  manures  of  great  rich- 
ness. We  not  only  give  the  flesh  of  dead  animals  to  infect  the 
air,  instead  of  using  it  to  fertilize  the  land,  but  their  bones,  which 
might  be  so  easily  saved,  are  as  completely  thrown  away.  Bones 
are  composed  of  phosphate  of  lime  and  gelatinous  animal  matter, 

*  Such  -was  the  case  in  1833  when  this  part  was  first  published;  but 
now  a  half  cent  the  bushel  is  the  usual  price  charged  for  the  best  marl,  as 
it  lies  in  the  river  banks. 
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and,  when  crushed,  -form  one  of  the  richest  and  most  convenient 
manures  in  the  world.  They  are  shipped  in  quantities  from  the 
continent  of  Europe,  and  latterly  even  from  this  country,  to  be  sold 
for  manure  in  England.  The  fields  of  battle  have  been  gleaned, 
and  their  shallow  graves  emptied  for  this  purpose :  and  the  bones 
of  the  ten  thousand  British  heroes,  who  fell  on  the  field  of  Water- 
loo, are  now  performing  the  less  glorious,  but  more  useful  purpose 
of  producing,  as  manure,  bread  'for  their  brothers  at  home. 

There  prevails  a  vulgar  but  useful  superstition,  that  there  is 
"bad  Tuck"  in  throwing  into  the  fire  anything,  however  small  may 
be  its  amount  or  value,  that  can  serve  for  the  food  of  any  living 
animal.  It  is  a  pity  that  the  same  belief  does  not  extend  to  every 
thing  that  as  manure  can  serve  to  feed  growing  plants — and  that 
even  the  parings  of  nails  and  clippings  of  beards  are  not  saved  (as 
in  China)  for  this  purpose.  However  small  each  particular  source 
might  be,  the  amount  of  all  the  manures  that  might  be  saved,  and 
which  are  now  wasted,  would  add  incalculably  to  the  usual  means 
for  fertilization.  Human  excrement,  which  is  scarcely  used  at  all 
in  this  country,  is  stated  to  be  even  richer  than  that  of  birds ;  and 
if  all  the  enriching  matters  were  preserved  that  are  derived  not 
only  from  the  food,  but  from  all  the  habits  of  man,  there  can  be  no 
question  but  that  a  town  of  ten  thousand  inhabitants,  from  those 
sources  alone,  might  enrich  more  land  than  can  be  done  from  as 
many  C9,ttle. 

The  opinions  here  presented  are  principally  founded  on  the  the- 
ory of  the  operation  of  calcareous  manures,  as  maintained  in  the 
foregoing  part  of  this  Essay  (Chap.  VIII.),  but  they  are  also  sus- 
tained to  considerable  extent  by  facts  and  experience.  The  most 
undeniable  practical  proof  of  one  of  my  positions  is  the  power  of 
a  cover  of  marl  to  prevent  the  escape  of  all  offensive  effluvia  from 
the  most  putrescent  animal  matters.  Of  this  power  I  have  long 
made  use,  and  know  it  to  be  more  effectual  than  quick-lime,  even 
if  the  destructive  action  of  the  latter  were  not  objectionable. 
'Quick-lime  forms  new  combinations  with  putrescent  substances, 
and,  in  thus  combining,  throws  off  effluvia,  which,  though  different 
from  the  products  of  putrescent  matter  alone,  are  still  disagreeable 
.  and  offensive.  Mild  lime  on  the  contrary  absorbs  and  preserves 
everything — or  at  least  prevents  the  escape  of  any  offensive  odour 
being  perceived.  Whether  putrescent  vegetable  matter  is  acted  on 
in  like  manner  by  calcareous  earth  cannot  be  as  well  tested  by  our 
-senses,  and  therefore  the  proof  is  less  satisfactory.  But  if  it  is 
..true  that  calcareous  earth  acts  by  combining  putrescent  matters 
with  the  soil,  and  thus  preventing  their  loss  (as  I  have  endeavoured 
.40  prove  in  Chapter  VIII.),  it  must  follow  that,  to  the  extent  of 
.svi'ih.  combination,  the  formation  and  escape  of  all  volatile  products 
■  of  putrefaction  will  also  be  prevented. 
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But  it  will  be  considered  that  the  most  important  inquiry  remains 
to  be  answered,  to  wit :  Has  the  application  of  calcareous  manures 
been  found  in  practice  decidedly  beneficial  to  the  health  of  the 
residents  on  the  land  ?  I  answer,  that  long  experience,  and  the 
collection  and  comparison  of  numerous  facts  derived  from  various 
sources,  will  be  required  to  remove  all  doubts  from  this  question ; 
and  it  would  be  presumptuous  in  any  individual  to  offer  as  sufficient 
proof,  the  experience  of  only  ten  or  twelve  years  on  any  one  farm. 
But  while  admitting  the  insufficiency  of  such  testimony,  I  assert 
that,  so  far  [to  1833],  my  experience  decidedly  supports  my  posi- 
tion. My  principal  farm  [Coggins],  until  within  some  four  or  five 
years,  was  subject  in  a  remarkable  degree  to  the  common  mild 
autumnal  diseases  of  our  low  country.  Whether  it  is  owing  to 
marling,  or  othfer  unknown  causes,  these  bilious  diseases  have  since 
become  comparatively  very  rare..  Neither  does  my  opinion  in  this 
respect,  nor  the  facts  that  have  occurred  on  my  farm,  stand  alone. 
Many  other  persons  are  equally  convinced  of  this  change  on  other 
land  as  well  as  on  mine.  But  in  most  cases  where  I  have  made 
inquiries  as  to  such  results,  nothing  decisive  had  then  been  ob- 
served. The  hope  that  other  persons  may  be  induced  to  observe 
and  report  facts  bearing  on  this  important  point,  has  in  part  caused 
the  first  appearance  of  these  crude  and  perhaps  premature  views. 

Even  if  my  opinions  and  reasonings  should  appear  sound,  I  am 
aware  that  the  practical  application  is  not  to  be  looked  for  soon ; 
and  that  the  scheme  of  using  marl  in  towns  is  more  likely  to  be 
met  by  ridicule,  than  to  receive  a  serious  and  attentive  examina- 
tion. Notwithstanding  this  anticipation,  and  however  hopeless  of 
making  converts,  either  of  individuals  or  of  corporate  bodies,  I  will 
offer  a  few  concluding  remarks  on  the  most  obvious  objections  to, 
and  benefits  of  the  plan.  The  objections  will  all  be  resolved  into 
one — namely,  the  expense  to  be  encountered.  The  expense  certainly 
would  be  considerable  ;  but  it  would  be  amply  compensated  by  the 
gains  and  benefits.  In  the  first  place,  the  general  use  of  marl  as 
proposed,  for  towns,  would  serve  to  insure  cleanliness,  and  purity 
of  the  air,  more  than  all  the  labours  of  their  boards  of  health  and 
their  scavengers,  even  when  acting  under  the  dread  of  approaching 
pestilence.  Secondly,  the  putrescent  manures  produced  in  towns, 
by  being  merely  preserved  from  waste,  would  be  increased  ten-fold 
in  quantity  and'  value.  Thirdly,  all  existing  nuisances  and  abomi- 
nations of  filth  would  be  at  an  end;  and  the  beautiful  city  of 
Kichmond  (for  example)  would  not  give  offence  to  our  nostrils, 
almost  as  often  as  it  offers  gratification  to  our  eyes.  Lastly,  the 
marl  (or  mild  lime),  after  being  used  until  saturated  with  putres- 
cent matter,  would  retain  all  its  first,  value  as  calcareous  earth, 
and  be  well  worth  purchasing  and  removing  to  the  adjacent  farms, 
independent  of  the  enriching   manure  with  which   it  would   be 
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loaded.  K  these  advantages  can  indeed  be  obtained,  they  would 
be  cheaply  bought  at  any  price  necessary  to  be  encountered  for  the 
purpose. 

The  foregoing  part  of  this  chapter  was  first  published  in  the 
Farmers'  Kegister  (for  July,  1833),  as  supplementary  to  the  pre- 
vious edition  of  this  Essay.  That  publication  drew  some  attention 
from  others  to  the  subject,  and  served  to  elicit  many  important 
facts,  of  which  I  had  been  before  altogether  ignorant,  in  support 
of  the  operation  of  calcareous  earth  in  arresting  the  effects  of 
malaria,  and  the  usual  autumnal  diseases  of  the  Southern  States  and 
other  similar  regions.  These  facts,  together  with  the  result  of  my 
own  personal  experience,  extended  through  two  more  autumns  (or 
sickly  seasons,  as  commonly  called  here  and  farther  south),  since 
the  first  publication  of  these  views,  will  now  be  submitted.  Most 
of  the  facts  derived  from  other  persons  relate  to  one  region,  the 
"rotten  lime-stone  lands"  of  southern  Alabama;  but  that  region  is 
extensive,  is  of  remarkable  and  well  known  character  and  pecu- 
liarities, and  the  evidence  comes  from  various  sources,  and  is  full, 
and  consistent  in  purport.  The  facts  will  be  here  presented  in  an 
abridged  form.  The  several  more  full  communications,  from  which 
they  are  drawn,  may  be  referred  to  in  the  Farmers'  Register,  vol. 
I.,  pp.  152,  214,  and  277. 

The  first  fact  brought  put  was  that,  in  the  town  of  Mobile,  near 
the  Gulf  of  Mexico,  the  streets  actually  had  been  paved  or  covered 
with  shells — thus  presenting  precisely  such  a  case  as  I  recom- 
mended, though  not  with  any  view  to  promoting  cleanliness  or 
health.  The  shells  had  been  used  merely  as  a  substitute  for  stones, 
which  could  not  be  so  cheaply  obtained.  Nor  had  the  greatly  im- 
proved healthiness  of  Mobile,  since  the  streets  were  so  covered 
(of  which  there  is  the  most  ample  and  undoubted  testimony),  been 
attributed  to  that  cause,  until  the  publication  of  the  foregoing 
opinions  served  to  connect  them  as  cause  and  effect.  This  can 
scarcely  be  doubted  by  those  who  will  admit  the  theory  of  the 
action  of  calcareous  earth ;  and  the  remarkable  change  from  un- 
healthiness  in  Mobile,  to  comparative  healthiness,  is  a  very  strong 
exemplification  of  the  truth  of  the  theory.  But  it  is  not  strange, 
when  so  many  other  causes  might  (and  probably  did)  operate  to 
arrest  disease,  that  none  should  have  considered  the  chemical 
operation  of  the  shelly  pavement  as  one  of  them,  and  still  less  as 
the  one  by  far  the  most  important.  The  paving  of  streets  (with 
any  material),  draining  and  filling  up  wet  places,  substituting  for 
rotting  wooden  buildings  new  ones  of  brick  and  stone — and  espe- 
cially the  operation  of  destructive  and  extensive  fires — all,  we 
know,  operate  (and  particularly  the  last)  to  improve  the  healthi- 
ness of  towns ;  and  all  these  operated  at  Mobile,  as  well  as  shell- 
ing the  streets.     Neither  was  the  shelling  so  ordered  as  to  produce 
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its  best  effect  for  health.  The  streets,  alleys,  and  many  yards  and 
small  vacant  lots  were  covered,  and  so  far  the  formation  and  evolv- 
ing of  pestilential  effluvia  were  lessened.  But  as  this  was  not  the 
object  in  view,  and  indeed  the  chemical  action  of  shells  was  not 
thought  of,  the  process  was  incomplete,  and  must  neeessaply  have 
been  less  effectual  than  it  might  have  been  made.  The  shelling 
ought  to  have  been  extended  to  every  open  spot  where  filth  could 
accumulate — ^to  every  back-yard,  in  every  cellar,  and  made  the 
material  of  the  floor  of  every  stable,  and  every  other  building  of 
which  the  floor  would  otherwise  be  of  common  earth.  In  addition, 
after  a  sufficient  lapse  of  time  to  saturate  with  putrescent  matters 
the  upper  part  of  the  calcareous  layerj  and  thus  to  make  it  a  very 
rich  compound,  there  should  have  been  a  partial  or  total  removal 
of  the  mass,  and  a  new  coating  of  shells  laid  down.  The  value  of 
the  old  material,  as  manure,  would  probably  go  far  towards  paying 
for  this  renewal.  If  it  is  not  so  renewed,  the  calcareous  matter 
cannot  combine  with  more  than  a  certain  amount  of  putrescent 
matters ;  and,  after  being  so  saturated,  can  have  no  further  effect 
in  saving  such  matters  for  use,  or  preventing  them  from  having 
their  usual  evil  course. 

The  burning  of  towns  is  Well  known  to  be  a  cause  of  the  healthi- 
ness of  the  places  being  greatly  improved,  and  that  such  effect 
continues  after  as  many  buildings,  or  more,  have  replaced  those 
destroyed  by  fire.  Indeed  this  improvement  is  considered  so  per- 
manent, as  well  as  considerable,  that  the  most  sweeping  and  de- 
structive conflagrations  of  some  of  our  southern  towns  have  been 
afterwards  acknowledged  to  have  proved  a  gain  and  a  blessing. 
The  principal  and  immediate  mode  of  operation  of  this  universally 
acknowledged  cause  is  usually  supposed  to  be  the  total  destruction, 
by  the  fire,  of  all  filth  and  putrescent  matters ;  and  in  a  less  de- 
gree, and  more  gradually,  by  afterwards  substituting  brick  and 
stone  for  wooden  buildings,  which  are  always  in  a  more  or  less  de- 
cayed state.  But  though  these  reasons  have  served  heretofore  to 
satisfy  all,  as  to  the  beneficial  consequences  of  fires,  surely  they 
are  altogether  inadequate  as  causes  for  such  great  and  durable 
effects.  The  mere  destruction  of  all  putrescent  matters  in  a  town, 
at  any  one  time,  would  certainly  leave  a  clear  atmosphere,  and  give 
strong  assurance  of  health  being  improved  for  a  short  time  after- 
wards. But  these  matters  would  be  replaced  probably  in  the  course 
of  a  few  months,  by  the  residence  of  as  many  inhabitants,  and  the 
continuance  of  the  same  general  habits ;  and  most  certainly  this 
cause  would  lose  all  its  operation  by  the  time  the  town  was  rebuilt. 
But  there  is  one  operation  produced  by  the  burning  of  a  town, 
which  is  far  more  powerful — which  in  fact  is  indirectly  the  very 
practice  which  has  been  advocated — and  the  effect  of  which,  if 
given  its  due  weight,  furnishes  proof  of  the  theory  set  forth,  by 
24 
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the  experience  of  every  unhealthy  town  which  has  suffered  much 
from  fire.  If  a  fair  estimate  is  made  of  the  immense  quantity  of 
mild  calcareous  earth  which  is  contained  in  the  plastering  and 
brick-work  of  even  the  wooden  dwelling-houses  of  a  town,  and  still 
more  of  those  built  of  masonry,  it  must  be  admitted  that  all  that 
material  being  separated,  broken  down  (soon  or  late),  and  spread,  by 
the  burning  of  the  houses  and  pulling  down  their  ruins,  is  enough 
to  give  a  very  heavy  cover  of  calcareous  earth  to  the  whole  space 
of  land  burnt  over.  It  is  to  this  operation,  in  a  far  greater  degree 
than  to  all  others,  that  I  attribute  the  beneficial  effects  to  health 
of  the  burning  of  towns. 

I  proceed  to  the  facts  derived  from  the  extensive  body  of  prairie 
lands  in  Alabama  which  rest  on  a  substratum  of  soft  lime-stone,  or 
rich  indurated  clay  marl.  It  was  from  these  remarkable  soils  that 
the  specimens  were  obtained  which  were  described  at  pp.  66,  67. 
Some  of  these,  indeed  all  that  have  been  examined  by  chemical 
tests,  of  the  high  and  dry  prairie  lands,  contain  calcareous  earth 
in  larger  proportions  than  any  soils  of  considerable  extent  in  the 
United  States  that  I  have  seen  or  tested.  The  specimens  not  con- 
taining free  calcareous  earth  are  of  the  class  of  neutral  soils;  and 
the  calcareous  earth,  which  doubtless  they  formerly  contained,  and 
from  which  they  derived  their  peculiar  and  valuable  qualities,  may 
be  supposed  only  to  be  concealed  by  the  accumulation  of  vegetable 
matter,  according  to  the  general  views  submitted  in  Chapter  VII. 

The  more  full  descriptions  of  the  soils  of  this  remarkable  and 
extensive  region  before  referred  to  render  it  unnecessary  to  enlarge 
much  here.  It  will  be  sufficient  to  sum  up  concisely  the  facts  there 
exhibited,  and  which  agree  with  various  other  private  accounts 
which  have  been  received  from  undoubted  sources  of  information. 
The  deductions  from  these  facts,  and  their  accordance  with  the 
theory  of  the  operation  of  calcareous  matter,  are  matters  of  rea- 
soning, and,  as  such,  are  submitted  to  the  consideration  and  judg- 
ment of  readers. 

The  soil  of  these  prairie  lands  is  very  rich,  except  the  spots 
where  the  soft  lime-stone  rises  to  the  surface,  and  makes  the  calca- 
reous ingredient  excessive.  In  the  specimen  formerly  mentioned, 
the  pure  calcareous  matter  formed  59  parts  in  the  100  of  this 
"  bald  prairie"  land.  The  soil  generally  has  so  little  of  sand,  that 
nothing  but  the  calcareous  matter  which  enters  so  largely  into  its 
composition  prevents  it  being  so  stiff  and  intractable,  that  its  tillage 
would  be  almost  impracticable.  Yet  it  is  friable  and  light  when  dry, 
and  easy  to  till.  But  the  superfluous  rain-water  cannot  sink  and 
pass  off,  as  in  sandy  or  other  pervious  lands,  but  is  held  in  this 
close  and  highly  absorbent  soil,  which  throughout  winter  is  thereby 
made  a  deep  mire,  unfit  to  prepare  for  tillage,  and  scarcely  practi- 
cable to  travel  over.    This  water-holding  quality  of  the  soil,  and 
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the  nearness  to  the  surface  of  the  hard  and  impervious  marly  sub- 
stratum, deprive  the  country  of  natural  springs  and  running 
streams ;  and  before  the  important  discovery  was  made  that  pure 
water  might  ^e  obtained  by  boring  from  300  to  700  feet  through 
the  solid  calcareous  rock,  the  inhabitants  used  the  stagnant  rain- 
water collected  in  pits,  which  was  very  far  from  being  either  pure 
or  palatable.  ^  Under  all  these  circumstances,  added  to  the  rank 
herbage  of  millions  of  acres  annually  dying  and  decomposing  un- 
der a  southern  sun,  it  might  have  been  counted  on,  as  almost  cer- 
tain, that  such  a  country  would  have  proved  very  unhealthy.  Yet 
the  reverse  is  the  fact,  and  in  a  remarkable  degree.  The  healthi- 
ness of  this  region  is  so  connected  with  and  limited  by  the  calca- 
reous substratum  and  soil,  that  it  could  not  escape  observation  ; 
and,  they  have  been  considered  as  cause  and  effect  by  those  who 
had  no  theory  to  support,  and  who  did  not  spend  a  thought  upon 
the  mode  in  which  was  produced  the  important  result  they  so 
readily  admitted.  Their  testimony  therefore  is  in  this  respect  the 
moi;e  valuable,  because  it  cannot  be  suspected  of  having  any  such 
bias. 

To  the  time  when  this  last  publication  is  made  (1842)  there  has 
been  no  reason  to  doubt  the  actual  facts  of  autumnal  diseases  (the 
effects  of  malaria)  being  greatly  lessened  by  even  the  partial  use 
of  iparling;  nor  the  inference  that  they  would  almost  cease  to 
occur  (if  no  mill-ponds  and  undrained  lands  remained),  if  all  the 
surface  of  a  considerable  extent  of  country  were  made  calcareous, 
and  all  rapidly  putrescent  and  otherwise  offensive  matter  were  pre- 
served and  kept  harmless  by  being  combined  with  marl,  applied 
from  time  to  time  as  required.  But  it  should  be  remembered  that, 
as  yet,  rapid  and  extensive  as  has  been  the  progress  of  marling  in 
Virginia,  there  has  been  no  instance  of  the  greater  part  of  any 
whole  neighbourhood  of  so  much  as  a  few  miles  in  extent  being 
marled  J  nor  even  of  all  the  surface  of  any  one  farmj  and  that, 
therefore,  we  have  no  means  of  judging  by  experience  of  the  full 
measure  of  benefit  to  be  derived  from  such  a  general  change  of  the 
character  of  the  soil.  The  most  that  has  yet  been  done  anywhere  is 
the  marling  of  all  the  cultivated  and  arable  land ;  leaving  unmarled, 
and  as  much  as  ever  the  abundant  sources  of  vegetable  decompo- 
sition and  of  disease,  all  the  wood-land,  steep  hill-sides,  and  the  wet 
bottoms.  Now,  as  the  remaining  wood-lands  are  generally  among 
the  poorest  of  our  soils,  that  is,  (according  to  the  theory  maintain- 
ed), soils  incapable  of  combining  with  and  retaining  the  products 
of  decomposition — and  as  they  are  covered  annually  with  leaves, 
which  in  time  all  rot  and  their  gaseous  products  finally  pass  off  into 
the  air — it  follows,  that  the  lands  so  left  must  be  among  the  most 
fruitful  of  miliaria.  It  is  obvious  that  the  remedy  is  but  partially 
and  inefficiently  in  operation,  so  long  as  from  one-third  to  one-half 
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of  every  farm  is  left  unmarled,  and  as  free  aa  ever  to  evolve  the 
agent  of  disease.  So  sure  does  this  opinion  seem  to  me,  that  I 
have  commenced  acting  on  it,  by  marling  the  wood-land  that  is  not 
designed  to  be  cleared  for  cultivation — and  shall  continue,  as  more 
necessary  labours  permit,  to  do  so,  until  not  an  acre  of  the  farm 
is  left  without  being  changed  in  character  by  calcareous  earth. 

It  is  proper  to  add,  as  an  opinion  founded  on  but  limited  expe- 
rience as  yet,  that  though  the  cases  of  sickness  on  Coggins  Point' 
farm  have  certainly  diminished  very  greatly — there  not  being  one 
case  of  late  years  of  bilious  disease,  where  there  were  twenty 
formerly — still  that  the  diseases  seem  to  have  changed  in  kind, 
an^  to  have  increased  in  severity  and  danger.  Formerly,  there 
was  almost  no  sickness  except  from  ague  and  fever  (or,  very  rarely, 
a  case  of  mild  bilious  fever),  from  which,  though  few  persons 
escaped  through  the  autumn,  and  some  suffered  several  relapses, 
the  attacks  were  rarely  dangerous,  and  required  little  skill,  and 
but  a  few  days  to  cure,  for  that  time.  Bad  as  was  this  state  of 
things,  it  seemed  that  the  ague  and  fever  acted  as  a  safety-valve 
to  the  system,  and  while  it  seldom  permitted  the  enjoyment  of  long- 
continued  robust  health,  it  prevented  the  occurrence  of  more 
dangerous  or  fatal  diseases,  such  as  are  the  most  common  among 
the  fewer  diseases  of  what  are  deemed  healthy  regions.  The  fewer 
diseases  of  my  adult  negroes  for  the  last  twelve  or  thirteen  years 
have  been  of  a  more  inflammatory  kind,  and  are  not  confined  to 
autumn ;  and  there  have  been  certainly  more  severe  and  fatal  dis- 
eases, and  more  that  required  medical  aid,  than  formerly,  when 
there  was  so  much  more  of  sickness  of  one  kind,  and  confined  to 
one  season.  In  short,  it  seems  that  the  diseases  are  no  longer  (or 
but  in  few  oases)  those  of  the  low  country  and  of  a  bilious  climate, 
but  are  more  like  those  of  the  upper  country,  which,  though 
occurring  but  rarely,  are  generally  of  a  more  serious  nature.  The 
facts  on  which  this  particular  opinion  has  been  formed,  are  still  too 
few,  and  of  too  short  continuance,  to  attach  to  them  much  import- 
ance ;  and  even  if  they  were  less  doubtful,  I  have  not  the  medical 
knowledge  to  trace  these  new  effects  back  to  their  causes.  Still,  it 
is  deemed  due  to  candour,  and  to  the  desire  for  a  fair  and  full  in- 
vestigation of  the  subject,  even  if  making  against  my  own  views, 
that  these  opinions  should  be  stated.  There  is  no  other  subject, 
than  this,  taken  in  general,  which  'more  deserves  and  requires  in- 
vestigation ;  and  in  the  present  inchoate  state  of  the  discussion, 
the  expression  of  even  erroneous  opinions  will  not  be  useless,  if  it 
should  serve  to  elicit  more  full  or  correct  ones  from  other  sources. 

Nothing  better  than  this  one  subject  deserves  investigation  by 
medical  men,  acting  under  the  direction  of  government.  The  ma- 
terials for  information  are  now  abundant,  in  the  experience  and 
observation  of  the  numerous  farmers  who  have  marled  or  limed 


EFFECTS   OF   CALXING  ON  HEALTH.  281 

their  lands  long  enough  to  judge  of  the  effects  on  health ;  and 
whether  upon  true  or  false  grounds,  the  opinion  among  such  per- 
sons seems  now  (1842)  almost  universal  (so  far  as  I  have  heard 
opinions  expressed),  that  the  prevalence  of  autumnal  diseases,  the 
product  of  malaria,  has  been  invariably  and  manifestly  lessened 
since  the  lands  were  in  part  marled  or  limed.  My  individual  ex- 
perience and  observations  on  this  point,  now  of  nine  years'  more 
extent  than  when  the  first  fruits  thereof  were  stated  in  a  foregoing 
part  of  this  chapter,  concur  with  the  more  general  and  loose 
information  derived  from  others,  in  confirming  my  position.  It 
sometimes  happens  that  the  very  fact  of  an  opinion  being  univer- 
sally admitted  prevents  the  obtaining  such  proofs  of  its  truth  as 
would  certainly  have  been  reaiy,  if  the  opinion  had  been  questioned 
and  denied  by  many  sceptics.  And  such  is  the  state  of  the  pro- 
position now  under  consideration.  Even  in  the  few  years  which 
have  passed  since  I  first  advanced  the  opinion  that  the  use  of  cal- 
careous manures  served  to  improve  health,  that  opinion  has  become 
80  general,  and  is  deemed  so  certain  and  unquestionable,  by  those 
persons  who  have  used  those  manures,  that  but  few  facts  can  be 
learned  of  them  sufficiently  exact  to  serve  as  proofs — ^because  no 
person  has  deemed  it  necessary  to  collect  and  preserve  proofs  of 
what  none  doubted.  When  asking  for  such  proofs,  as  I  have  often 
done,  of  cultivators  and  residents  in  various  parts  of  the  marl 
region,  I  have  rarely  obtained  any,  except  new  declarations,  from 
every  person  interrogated,  of  concurrence  and  entire  faith  in  the 
general  opinion  that  marling  or  liming  had  served  greatly  to  abate 
the  prevalence  of  autumnal  diseases.  Such  general  belief  and  con- 
fidence in  an  opinion  so  recently  promulgated,  cannot  be  altogether 
founded  on  error.  (1842.) 

When  my  opinions  of  the  beneficial  operation  of  calcareous  earth 
in  soil,  or  mixed  with  putrescent  matter,  in  destroying  or  disarming 
Ihe  sources  of  disease,  were  first  published,  and  until  after  the 
second  publication  of  the  same  in  1835,  I  had  no  knowledge  that 
similar  grounds  had  been  taken  by  any  other  person.  But  since, 
in  the  recent  publications  of  a  French  writer,  M.  Puvis,  I  have 
found  the  same  general  opinion  expressed,  and  many  important 
facts  given  in  confirmation.  However,  while  I  gladly  accept  the 
important  aid  of  M.  Puvis's  facts,  as  proof,  I  do  not  admit  the  cor- 
rectness of  his  reasoning  thereupon.  Some  of  the  former  will  be 
quoted  in  the  following  passages.  For  his  full  views,  see  the 
translations  of  his  essays  "  On  Lime  as  Manure,"  and  "  On  Marl," 
both  contained  in  vol.  iii.  of  the  Farmers'  Register. 

"  The  results  of  marling  may  be  considered  in  a  point  of  view 

more  elevated,  and  still  more  important  than  that  of  the  fertility 

which  it  gives  to  the  soil;  they  may  perhaps  have  much  influence 

on  the  healthiness  of  a  country  where  it  becomes  a  general  practice. 

24* 
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"  Although  it  may  not  have  been  yet  uttered  by  others,  this 
opinion  appears  founded  on  strong  probabilities,  on  strong  analogies 
and  precise  facts,  all  of  which  appear  to  give  it  a  sufficient  cer- 
tainty. 

"  It  is  known  that  the  calcareous  principle  is  one  of  the  most 
powerful  agents  to  resist  putrefaction.  It  is  employed  to  make 
healthy  places  inhabited  by  men  and  animals,  in  which  sickness  or 
contagion  is  feared ;  it  serves  to  neutralize  the  emanations  of  dead 
bodies  undergoing  putrefaction ;  it  destroys  the  deleterious  exhala- 
tions which  escape  from  privies,  and  which  sometimes  cause  the 
death  of  those  who  are  employed  to  cleanse  them. 

"It  even  seems  that  calcareous  countries  are  unhealthy  only 
when  they  are  interspersed  with  marshes,  or  when  some  causes, 
foreign  to  the  soil  and  climate,  determine  the  unhealthiness,  as  in 
countries  on  the  borders  of  the  sea,  where  the  flowing  of  the  tide 
and  the  mingling  of  salt  and  fresh  waters  infect  the  air,  by  the  dele- 
terious emanations  of  their  combination.  This  cause  of  unhealthi- 
ness is  regarded  as  a  certain  fact ;  for  salubrity  is  generally  seen  to 
appear  whenever  this  mixture  of  waters  is  prevented. 

"  In  the  valleys  of  rivers  bordered  by.  calcareous  mountains, 
which  enclose  unhealthy  countries  in  their  interior,  insalubrity 
commences  there  only  as  the  calcareous  soil,  which  is  attached  to 
the  mountain,  gives  place  to  silicious  soil.  In  the  same  plain, 
and  far  from  a  mountain,  salubrity  is  seen  to  diminish  in  the  same 
proportion  that  the  calcareous  soil  of  the  surface  does ;  and  the 
communes  of  Bresse,  which  have  an  abundance  of  marly  or  calca- 
reous soils,  are  much  more  remarkable  for  their  salubrity  than  those 
on  the  white  lands  (terrain  Wane*).  While  the  ponds  of  Dombe, 
which  are  on  the  silicious  soil,  appear  to  be  one  of  the  greatest 
causes  of  unhealthiness,  those  of  Bresse,  which  are  on  calcareous 
lands,  do  not  show  such  effects  in  the  country  where  they  are  found; 
so,  likewise,  the  ponds  of  the  country  situated  between  the  Veyle 
and  the  Reyssouze,  to  the  north-west  of  Bourg,  which  are  generally 
on  calcareous  soil,  do  not  appear  to  injure  the  healthiness  of  the 
country  in  any  manner. 

"  For  the  support  of  this  system,  we  will  also  cite  the  ponds  of 
Berri  on  calcareous  soil,  whose  emanations  have  nothing  unhealthy; 
the  laying  dry  of  the  ponds  of  Parragay,  in  the  canton  of  Lignieres, 
has  added  nothing  to  the  healthiness  of  a  calcareous  country  na- 

*  The  reader  of  M.  Puvis's  essays  on  lime  and  marl,  which  were  inserted 
in  vol.  iii.  of  Farmers'  Kegister,  may  remember  that  this  provinoial  term 
and  others  {plateaux  aTgillo-silicimx,  &c.)  were  there  used  to  designate  a 
peculiar  kind  of  soil,  destitute  of  calcareous  matter,  stiff,  intractable,  and 
poor — and  which  seems  precisely  of  the  character  of  the  poor  ridge  lands 
of  lower  Virginia,  to  which  calcareous  manures  are  so  peculiarly  adapted. 
— Translator. 
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tnrally  healthy.  And  in  the  same  canton,  the  pond  of  Villiers, 
which  is  said  to  be  seven  leagues  in  circumference,  does  not  cause 
diseases  on  its  borders.  Besides,  during  the  month  of  August,  the 
water  of  the  ponds  on  calcareous  soil  does  not  become  blackish, 
as  often  happens  in  silicious  ponds.  The  water  would  then  be 
made  wholesome  by  the  calcareous  principle,  in  the  same  way  as 
their  emanations. 

"  In  fine,  Dombe  and  Sologne,  and  a  number  of  other  countries, 
are  unhealthy,  and  subject  to  intermittent  fevers,  without  being 
marshy ;  but  their  soil  is  likewise  silicious,  and  the  land  moist. 
Puisaye,  and  a  part  of  Bresse,  in  similar  land,  which  contain  little 
or  no  calcareous  soil,  have  also  many  autumnal  fevers." — Transla- 
tion from  "  Essai  sur  la  Marne."* 

In  addition  to  these  opinions  of  Puvis,  and  his  facts  in  regard  to 
France,  I  may  add  the  later  testimony  of  two  other  eminent  agri- 
cultural writers,  whose  information  may  be  inferred  to  have  been 
derived  from  the  experience  of  England  and  Scotland.  In  a  small 
pamphlet  written  by  Sir  John  Sinclair,  and  dated  1833,  on  the 
means  for  preventing  the  ill  effects  of  malariajf  he  names  as 
among  the  most  important  the  use  of  'calcareous  manures.  "  The 
effect  of  burnt  limestone,"  he  adds,  "in  improving  the  quality  of 
the  soil  is  hardly  to  be  credited.  It  either  absorbs  any  noxious 
matter,  or  annihilates  any  deleterious  properties  it  possesses ;  and 
it  may  be  relied  upon  as  an  established  fact  '  thai  a  soil  ■full  of 
calcareous  matter  never  produces  an  unwholesome  atmosphere.' " 
And  again  :  "  The  introduction  of  immense  quantities  of  calcareous 
matter  into  the  soil  not  only  contributes  to  its  improvement,  but 
is  the  best  means  of  preventing  malaria." 

Professor  Johnston,  still  more  recently,  speaks  as  follows  :  "  The 
liming  of  the  land  is  the  harbinger  of  health  as  well  as  of  abun- 
dance. It  salubrifies  no  less  than  it  enriches.  ...  .  The  lime 
arrests  the  noxious  effluvia  which  tend  to  rise  more  or  less  from 
every  soil  at  certain  seasons  of  the  year,  decomposes  them,  or  causes 
their  elements  to  assume  new  forms  of  chemical  combination,  in 
which  they  no  longer  exert  the  same  injurious  influence  on  animal 
life." — Lectures,  &c.,  pp.  392-3. 

Thus  there  is  now  good  evidence  and  high  authority  for  this 
opinion,  which  I  at  first  advanced  with  much  hesitation  and  fear  ; 
and  which  then  met  with  distrust  or  incredulity  with  almost  all 


*  This  work  -was  published  in  Paris  in  1826.  The  first  kno-wn  (and  pro- 
bably still  the  only)  copy  brought  to  America,  was  in  1835,  by  my  order, 
made  soon  after  seeing  M.  Puvis'e  essays  on  lime  and  marl  in  the  "Annates 
d' Agriculture  Fran^aise,"  both  of  which  I  translated  and  published  in  the 
Farmers'  Register,  vol.  iii. 

t  This  pamphlet  was  republished  in  the  Farmers'  Eegister,  vol.  i.,  p. 
656. 
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■who  had  not  experience  or  information  of  the  sanitary  influence  of 
calcareous  manures. 

But  however  strong  the  conviction  of  these  authors  of  such 
effects  of  calcareous  manures,  they  offer  no  satisfactory  explanation 
of  the  manner  in  which  the  effects  are  produced.  But  whether 
lime,  in  soil,  exerts  its  health-preserving  power  by  "  arresting  the 
noxious  effluvia  which  tend  to  rise  from  every  soil,"  &c. — or  by 
absorbing  noxious  matter,  or  annihilating  any  deleterious  properties 
it  possesses" — or,  according  to  my  previously  expressed  doctrine, 
by  the  power  of  lime  (calx)  to  combine  with  the  first  results  of 
putrefaction,  and  so  fix  them  in  the  soil,  there  to  serve  only  as  food 
for  plants — the  end  is  the  same,  of  converting  to  the  purpose  of 
fertilization  and  production  what  would  otherwise  escape  into  the 
air  in  the  form  of  pestilential  gases. 

The  important  facts,  recently  made  known  by  Dr.  Wight,  as 
stated  in  a  previous  chapter,  that  the  calxing  of  soil  causes  the 
plants  grown  thereon  to  absorb  from  the  atmosphere  much  in- 
creased quantities  of  carbonic  acid,  and  to  evolve  proportionately 
increased  quantities  of  oxygen  gas,  serve  to  add  greatly  to  the  be- 
fore supposed  sanitary  operation  of  calxing  land.  Both  the  as- 
serted actions,  co-operating,  are  abundant  and  satisfactory  causes  for 
the  beneficial  effects  to  health ;  and  of  which  effects  there  can  be 
no  longer  room  to  doubt,  seeing  the  testimony  adduced  from  France 
and  England,  in  addition  to  all  that  I  had  before  offered. 


CHAPTEE  XXVI. 

THE  EXCAVATION  OP  MARL  PITS,  AND  CARRYING  OUT  AND  APPLY- 
ING OF  MARL. 

The  natural  features  of  marl  beds,  and  their  exposures,  are  dif- 
ferent at  almost  every  locality  •  and  therefore  no  one  manner  of 
working  will  suit  precisely  for  different  diggings.  Still,  all  the  marl 
beds  of  Virginia  may  be  classed  under  three  heads,  in  reference  to 
the  excavation  and  removal  of  the  marl. 

I.  The  first  class  is  of  marl  exposed  (or  "  cropping  out")  high 
up  on  hill-sides,  with  but  little  overlying  earth  to  remove  for  large 
excavations  of  the  marl  below — the  marl  and  the  adjacent  ground 
dry  and  free  from  springs — and  the  proper  sites  for  roads,  leading 
to  the  fields,  either  descending,  or  nearly  level,  or  with  not  much 
ascent.  Marl  so  lying  is  often  of  the  richest  kind,  containing  from 
60  to  more  than  80  per  cent,  of  pure  shelly  matter,  and  that  mostly 
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finely  divided.  Many  of  these  richest  and  also  almost  easily  worked 
bodies  of  marl  are  in  the  middle  range  across  the  rivers  and  the 
marl  region  of  Virginia;  for  example,  in  the  counties  of  Nanse- 
mond,  Isle  of  Wight,  Surry,  James  City,  York,  New  Kent,  and 
the  lower  part  of  King  William.  Under  these  very  favourable  cir- 
cumstances, special  directions  for  working  such  marls  woidd  be 
superfluous.  The  labours  required  are  as  simple,  and  almost  as 
cheap,  as  the  digging  and  carting  away  of  earth  from  a  hill-side  to 
construct  a  mill-dam.  , 

n.  The  second  class  of  exposures  and  diggings  is  usually  of  much 
poorer  marl,  and  attended  with  much  more  difficulty  and  cost  than 
the  preceding.  In  high  lands,  cut  through  by  deep  ravines,  or 
narrow  valleys,  the  natural  "  out-croppings"  of  the  marl  are  usually 
low  down  the  sides,  or  at  the  bottoms  of  steep  hill-sides,  the  marl 
often  wet  from  springs  oozing  over  the  top,  and  also  from  water 
percolating  slowly  through  the  mass  of  marl.  The  lower  adjacent 
ground  is  also  wet,  by  springs  or  streams.  The  overlying  earth  is 
very  thick,  and  costly  to  remove ;  and  a  steep  or  a  long-ascending 
road  is  required  to  draw  the  marl  to  the  higher  lands  where  it  is  to 
be  applied. 

In  hilly  lands,  the  bed  of  marl  usually  "crops  out"  on  the 
swells,  or  convex  curves  of  the  hill-sides,  and  thus  is  naturally  ex- 
posed to  view.  If  this  is  at  a  considerable  elevation  above  the  bot- 
tom of  the  ravine  or  narrow  valley  which  is  usually  at  the  foot  of 
the  hill,  the  marl  will  generally  be  dry.  But  its  being  dry  will 
depend  on  some  one  of  the  following  conditions :  1st.  When  the 
overlying  beds  of  earth  have  not  enough  extent  of  surface  to  allow 
springs  to  be  formed  by  infiltration  of  rain-water ;  or  there  is  no 
impervious  bed,  either  of  the  marl  or  its  overlay,  on  which  spring 
water  can  be  borne,  and  it  flows  from  distant  sources  :  2d.  Or  even 
if  there  be  any  such  impervious  and  water-bearing  stratum,  that  its 
"  dip"  is  in  a,  direction  leading  from  the  "  out-cropping"  of  the 
marl ;  so  that  all  spring-water,  or  infiltrated  rain-water,  must 
necessarily  flow  in  a  direction  leading  from  the  exposure.  In  the 
reversed  circumstances,  the  marl  will  be  wet,  and  proper  drainage 
of  the  pits  will  be  necessary.  Bodies  of  marl  of  this  second  class 
are  most  common  in  the  high  and  broken  lands  lying  between  the 
localities  named  above,  and  the  falls  of  the  rivers. 

III.  The  third  class  of  marl  generally  belongs  to  the  more  level 
lands,  but  in  some  cases  to  the  low  bottoms  and  ravines  of  the 
highest  and  most  hilly.  But  in  either  case,  the  surface  of  the  marl 
is  lower  than  that  of  all  the  surrounding  land  ^unless  pmhaps  of 
the  mere  outlet  for  the  water) ;  and  the  excavations  and  the  roads 
all  need  careful  and  perfect  drainage. 

I  will  now  return  to  the  consideration,  principally,  of  excavations 
of  the  second  class;  though  they  will  in  part  suit  also  for  the  third 
class. 
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There  ;s  a  general  dip  of  the  marl  to  the  east,  through  lower 
Virginia.  But  this  so  slight,  and  irregular  withal,  that  it  does  not 
always  direct  the  course  of  the  spring-water  above  according  to  the 
general  course  of  the  dip.  At  each  particular  locality,  the  marl 
stratum  may  be  considered  as  nearly  horizontal.  The  upper  sur- 
face of  the  dry  marls  is  often  very  irregular  in  outline,  owing  to 
the  washing  operation  of  ancient  currents  of  the  sea,  or  later  floods, 
and  whirpoola,  subsequent  to  the  deposition  of  the  beds  of  shells. 

Unless  very  sandy  and  poor,  and  also  oozy,  all  our  marls  are 
sufficiently  firm  before  being  dug,  for  the  sides  of  a  pit  to  stand 
secure  when  cut  perpendicularly.  The  dry  beds,  of  course,  are 
much  easier  to  be  worked  than  the  wet.  Where  the  bed  is  dry, 
no  directions  are  required  for  pit-work;  except  that  the  pit  shall 
be  long  enough  to  allow  the  carts  to  descend  therein,  and  to  rise 
out,  loaded,  on  a  graduated  and  gently  sloping  road-way.  This  will 
obviate  the  necessity  existing  when  pits  are  short  and  steep,  of 
twice'  throwing  the  marl — first  out  of  the  pit,  and  afterwards  into 
the  carts.  No  machine  or  contrivance  yet  known  will  serve  as 
well  for  cheapness  to  raise  marl  from  the  bottom  of  a  pit,  or  dig- 
ging, as  a  cart ;  and  no  care  or  labour  will  be  lost  in  draining  and 
enlarging  the  pit,  and  graduating  the  ascent  out  from  it,  if  there- 
by carts  can  easily  and  safely  draw  from  the  bottom.  These  re- 
marks may  apply  to  any  excavation  made  by  sinking  pits  below 
the  level  of  the  general  surface. 

ProJUe,  or  cross-section  of  marl  diggings,  of  class  II. 


. 

/^                 " 

i         1 

^y^ 

.        .\       . 

e 
11 

'^iIp           T 

n7^i._ 

Explanations, 
b,  0,  Face  of  hill-side, 
s,  Stream,  or  bottom  of  valley. 
p,  e,  /,  h,  m.  Bed  of  marl,  out-cropping  at  e. 
m,  m,  Bottom  of  workable  marl. 
0,  d,  g.  Overlying  earth. 
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I  will  describe  an  ordinary  case  of  hill-side  excavation. 
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Suppose  the  marl  to  "  crop  out,"  or  otherwise  to  come  near  to 
the  surface  near  the  foot  of  a  high  hill-side  (as  at  c),  a  ravine  and 
stream  being  at  the  bottom  (s),  and  table-land  at  the  top  of  the 
hill-side,  over  which  the  marl  is  to  be  carted  to  the  fields,  after 
rising  the  hill-side  by  a  graduated  road.  These  are  common  natural 
features  of  marl  localities,  in  hilly  lands  (and  of  class  II).  The 
out-crop,_  or  natural  exposure  of  the  marl  (c)  is  on  a  convex  curve 
of  the  hill-side.  The  first  operation  is  to  clear  off  the  little  over- 
lay of  earth,  from  above  the  out-crop  (o),  so  as  to  uncover  a  suffi- 
cient space  for  digging  and  carting  (o,  c.)  -  This  space  should  be 
(if  practicable),  15  feet  across,  of  horizontal  width,  to  permit  sin- 
gle-carts to  turn  upon ;  and  as  long  (with  the  course  of  the  stream) 
as  the  ground  may, permit,,  say  30  feet  or  more.  This  small  amount 
of  overlying  earth  (o)  is  easily  disposed  of,  by  being  thrown  into 
the  ravine,  or  across  the  stream.  The  uncovering  reaches  to  the 
top  of  the  marl  stratum,  which  is  Supposed  12  feet  thick ;  of  which, 
8  feet  are  above  and  4  below  the  level  of  the  stream.  A  road  is 
next  laid  off,  graduated  to  best  advantage,  and  constructed,  de- 
scending from  the  upper  table  land  to  the  uncovered  marl,  the  lower 
end  of  the  road  being  on  a  level  about  1  foot  higher  than  the 
stream,  and  of  course  5  feet  above  the  bottom  (m,  m),  of  the  marl 
fit  for  use.  (The  lowest  part  is  usually  too  poor,  and  sometimes 
too  much  affected  by  water,  to  be  worth  being  removed.)  If  springs 
ooze  out  over  the  top  of  the  marl,  a  little  trench  (v)  of  about  4 
inches  wide  and  as  many  deep,  must  be  made  along  the  back  line 
of  the  uncovering,  to  cut  off  and  convey  away  the  spring  water. 
The  uncovered  and  drained  marl  (c,  <,)  is  then  dug  and  carted  out ; 
the  work  being  so  conducted  as  to  level  the  surface,  and  enable  the 
carts  as  soon  as  the  surface  is  enough  lowered,  to  pass  over,  turn 
about,  and  be  loaded  upon  the  marl.  When  the  whole  space  has 
been  dug  down  to  the  level  of  the  lower  end  of  the  road  (a,  t,") 
then  a  perpendicular  pit  should  be  dug  at  the  end  of  the  area 
farthest  from  the  descending  road,  and  across  its  whole  width. 
This  pit  (j3  p)  will  be  15  feet  long,  about  6  to  9  wide,  as  may 
be  most  convenient,  and  5  deep  when  finished  to  the  bottom.  The 
carts  turn  on  the  area  (a,  t,)  and  are  loaded  at  the  edge  of  this 
pit.  When  finished,  another  similar  pit  is  dug  alongside ;  and 
others  in  succession,  until_  the  whole  area  of  the  first  uncovered 
marl  has  been  so  pitted  out.  The  overlay  (d)  is  then  dug  and 
thrown  off  from  the  next  range  or  section  of  marl  (/),  so  as  to 
uncover  another  width  of  15  feet.  The  removed  earth  here  (d), 
where  highest,  might  have  been  more  than  10  feet  thick.  But  the 
space  excavated  for  the  first  range  of  marl  (c  p)  has  more  than 
room  enough  to  receive  all  this  earth. 

■^     The  carts  now  have  to  be  supplied  from  the  second  range  of 
marl  (/).     As  this  is  throughout  of  the  full  thickness  of  the  bed, 
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and  rising  7  feet  above  the  lower  end  of  the  road,  it  may  be  con- 
venient to  make  a  branch  to  the  road  running  on  a  level  to  the  top 
of  the  marl.  This  branch  will  be  used  until  the  lowering  of  the 
upper  marl,  by  its  excavation,  shall  render  the  lower  branch  of  the 
road  again  more  suitable.  This  range  of  the  marl  is  drained, 
worked  out  to  the  level  of  a  t,  and  then  the  lower  part  (r,  r,)  ex- 
cavated in  successive  perpendicular  pits,  in  the  same  manner  as  the 
previous  range.  Then  a  third  range  of  overlay  (ff)  is  dug  and 
thrown  off  into  the  finished  previous  excavation  (/,  r,  r) ;  and  by 
its  increased  thickness  perhaps  fills  it  up  as  high  as  the  top  of  the 
marl  stratum.  But  this  does  no  serious  harm.  It  will  however 
require  the  leaving  a  wall  of  marl  (x,  x)  when  digging  out  the 
marl  below  (A)  to  keep  out  the  earth  and  water  of  this  heap ;  and 
also  cross  walls  for  support,  between  the  lower  perpendicular  pits. 

It  will  now  be  much  more  laborious  to  uncover  another  range 
(at  i),  still  deeper  in  the  hill-side ;  and  it  will  become  a  question 
for  the  operator  to  decide,  whether  to  proceed  farther  with  this 
work  here,  or  to  begin  another  uncovering  in  some  more  favourable 
situation. 

For  any  extensive  operation,  it  is  much  cheaper  to  take  off  a 
cover  of  earth  20  feet  thick,  to  obtain  marl  of  equal  depth,  than 
if  both  the  covering  earth  and  marl  were  only  three  feet  each. 
Whether  the  cover  be  thick  or  thin,  two  parts  of  the  operation 
are  equally  troublesome,  viz.  to  take  off  the  mat  of  roots,  and  per- 
haps some  large  trees  on  the  surface  soil,  and  to  clean  off  the  sur- 
face of  the  marl,  which  is  sometimes  very  irregular.  The  greater  part 
of  the  thickest  cover  would  be  much  easier  to  work.  But  the  most  im- 
portant advantage  in  taking  off  earth  of  ten  or  more  feet  in  thick- 
ness, is  saving  digging  by  causing  the  earth  to  come  down  by  its 
own  weight.  If  time  can  be  allowed  to  aid  this  operation,  the 
dryest  earth  will  mostly  fall,  by  being  repeatedly  undermined  a 
little.  But  this  is  greatly  facilitated  by  the  oozing  water,  which 
generally  fills  the  earth  lying  immediately  on  beds  of  wet  marl.  In 
uncovering  a  bed  of  this  description,  for  one  of  my  early  operations, 
where  the  marl  was  to  be  dug  14  feet,  and  10  to  12  feet  of  earth 
to  remove,  my  labour  was  made  ten-fold  heavier  by  digging 
altogether.  The  surface  bore  living  trees,  and  was  full  of  roots-^ 
there  was  enough  stone  to  keep  the  edges  of  the  hoes  battered — 
and  small  springs  and  oozing  water  came  out  everywhere,  after 
digging  a  few  feet  deep.  A  considerable  part  of  the  earth  was  a 
tough,  adhesive  clay,  wet  throughout,  and  which  it  was  equally 
difficult  to  get  on  the  shovels,  and  to  get  rid  of.  Some  years  after, 
another  pit  was  uncovered  on  the  same  bed,  and  under  like  circum- 
stances, except  that  the  time  was  the  last  of  summer,  and  there 
was  less  water  oozing  thro^igh  the  earth.  This  digging  was  begun 
,at  the  lowest  part  of  the  earth,  which  was  a  layer  of  sand,  kept 
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quite  wet  and  soft  by  the  water  oozing  through  it.  With  gravel 
shovels,  this  was  easily  cut  under  from  one.  to  two  feet  along  the 
whole  length  of  the  old  pit,  and,  as  fast  as  was  desirable,  the  upper 
earth,  thus  undermined,  fell  into  the  old  pit ;  and  afterwards,  when 
that  did  not  take  place  of  itself,  the  fallen  earth  was  easily  thrown 
there  by  shovels.  As  the  earth  fell  separated  into  small  but  com- 
pact masses,  it  was  not  much  affected  by  the  water,  even  when  it 
remained  through  the  night  before  being  shoveled  away.  No  dig- 
ging was  required,  except  this  continued  shoveling  out  of  the 
lowest  sand  stratum;  and  whether'  clay,  or  stones,  or  roots,  were 
mixed  with  the  falling  earth,  they  were  easy  to  throw  off.  The 
numerous  roots,  which  were  so  troublesome  in  the  former  operation, 
were  now  an  advantage ;  as  they  supported  the  earth  sufficiently  to 
let  it  fall  only  gradually  and  safely ;  and  before  the  roots  fell,  they 
were  almost  clear  of  earth.  The  whole  body  of  earth,  notwith- 
standing all  its  difficulties,  was  moved  off  as  easily  as  the  dryest 
and  softest  could  have  been  by  digging  altogether.  The  thicker 
the  overlying  earth,  the  greater  is  the  facility  of  undermining,  and 
causing  it  to  fall  by  its  own  weight. 

In  working  a  pit  of  low-lying  and  wet  marl,  covered  and  sur-. 
rounded  by  higher  ground  (class  III.),  nopains  should  be  spared  to 
drain  it  as  effectually  as  possible.  Very  few  beds  of  marl  are 
penetrated  by  veins  of  running  water  which  would  deserve  the 
name  of  springs ;  but  water  generally  oozes  very  slowly  through 
every  part  of  wet  marl,  and  many  small  springs  often  burst  out 
immediately  over  its  surface.  After  the  form  of  the  pit  and  situa- 
tion of  the  road  are  determined,  a  ditch  to  receive  and  draw  off  all 
the  water  should  be  commenced  lower  down  the  valley,. as  deep* 
as  the  bottom  of  the  area  where  the  carts  are  to  stand  is  expected 
to  be  made ;  and  the  ditch  opened  up  to  the  work,  deepening  as  it 
extends,  so  as  to  keep  the  bottom  of  the  ditch  on  as  low  a  level  as 
the  bottom  of  the  area.  It  may  be  cheaper,  and  will  serve  as  well, 
to  deepen  this  ditch  as  the  deepening  of  the  pit  proceeds.  After 
the  surface  of  the  marl  is  uncovered  for  the  full  si?;e  intended  for 
the  area  (which  ought  to  be  at  least  large  enough  for  carts  to  turn 
about  on),  a  Kttle  drain  of  three  or  four  inches  wide,  and  as  many 
deep  (or  the  size  made  by  the  grubbing-hoe  used  to  cut  it),  should 
be  carried  all  around  to  intercept  the  surface  or  spring-water,  and 
conduct  it  to  the  main  drain.  The  marl  will  now  be  dry  enough 
for  the  carts  to  be  brought  on  and  loaded.  But  as  the  digging 
proceeds,  oozing  water  will  collect  slowly ;  and,  aided  by  the  wheels 
of  loaded  carts,  the  surface  of  the  firmest  marl  would  soon  be 
rendered  a  puddle,  and  next  a  quagmire.  This  may  easily  be  pre- 
vented by  the  inclination  of  the  surface.  The  first  course  dug  off 
should  bo  much  the  deepest  next  the  surface  drain  (leaving  a  mar- 
gin of  a  few  inches  of  firm  marl,  as  a  bank  to  keep  in  the  stream), 
25 
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do  that  itTie' digging  shaE  be  the  lowest  around '  the  outside,  and 
gradually  rise  ia  level  to  the  middle  of  the  afea ;  or  next  to  the 
old  diggings)'  now  heaped  with'-the  later  remJoyed  'ovierlSiy.  What- 
ever water  may  find  its  way  Within  the  work,  whether  from  oozing, , 
rain,  or  accidental  bursting  of  the  little  surface  drain,  will;  run  to 
the  outside,  the  dip  of  whi,ch  should  'kad  t&  the  lower  main  drain. 
After  this  form  has  once  been  given  to  the-  surface  of  the  area, 
very  little  attention  is  required  to  preserve  it ;  for  if  the  successive, 
coiirses  are  dug  of  equal  depth  from  side  to  side,  the  previous 
shape  will  not  be  altered.  ,  The  sides  or  walls  of  the  pit  should  be' 
cut  (in  descending),  something  without  the  perpendicular,  so  th^fei 
the  pitis  made  12  or  15'inehes  wider  at  bottom  than  top.  The-usual 
firm  texture  of  marl  will  prevent  any  danger  from  this  overhanging 
shape,  and  several  advantages  will  be  gained  from  it.  It  gives  more' 
space  for  work — ^prevents  the  wheels  running  on  the  lowest  and 
T«-etteSt  parts^T-aUows  more  earth  to  be  disposed  of,  in  Opening  for 
the  next  p'it — and  prevents  that  earth  froih  tumbling  as  easily- intO; 
tihe  next  digging,  when  the  separating  wall  of  inarl  ig  afterward* 
cut  away.  The  upper  and  larger  drain  of  the  pit,  which  takes  tbe> 
surface  water,  will  hang  over 'the  small  one  below,  kept,  for^  the 
oozing  water.  The  former  remains  unaltered  throughout  the  joby 
and  may  still  convey  the  stream  ■when  six  feet  aboVe  the-  heads  of 
the  labourers  in  the  pit!  The  lower  drain  of  course  sinks  with  the^ 
digging;'  Should  the  pit  be  dug  deeper  than  the  level  of  the  main 
receiving  ditch  can  be  sunk,  a  wall  should  be  left  betTfreen,  and  the 
remainder  of  the  oozing  water  must  be  conducted  to  a  little  basin 
near  the  wall,  and  thence  be  bailed'  or  pumped  into  the  receiving 
ditch.  .'The  passage  for  the  carts  to  ascend  from  the  pit  should  be 
kept  on  a  suitable  slope ;  and  the  marl  forming  that  slope  may  be 
dut  out  in  small  pits,  a,fter  all  the  other  digging  has  been  completfed. 

If  the  marl  is  so  situated  that  carts  cannot  be  driven  as  low  as 
the  , bottom,  either'  because  of  the  dangfer  of  flooding,  or  that  th'e 
asceiit  would  be;  too  steep  for  sufficiently  easy  draught,  then  the 
ar'ea'niust  be  out  but  in  small  pits,  as  before  stated,'beginning  at 
the  tack  part,  and  extending  its  they  proceed,  towards  the  road 
leading  outr  of  the  pit. 

I-  Itiis  .the  less  required  to  extend  directions  for.the'mode  of  work- 
ing low'-lying  marl,  coveted  and  sourrounded  by  higher  land,  and 
by  its  springs;  because ,  large  excavations '  under  these  difficulties, 
will  be  de^dribed'in'a  later  part  of  this  work,  and  the  whole  course 
of  ptooedure'mimitely- stated.  '         ■ 

!  In  somfe  cases, -either  because  of  the  great  liability  of  the  oveir 
Ij-iag  6az|y" earth  to  csvfe  and  fall  in,  and  thiis  continually  to-ohoke 
the  surrounding  marl  drains,  or  of  rain-floods  to  fill  and  damage 
th©exc,avatioriS,  it  is  too- hazardous  to  leave  diggings  unfinislied  fi^r 
dny  lefigth'bf  time;  alad  still  more  for  the- linfinifehed- wort  to  be 
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suspended  througli  winter.  In  such  cases,  it  is  better  to  bestow'' 
mora  labour  to  obtain  security.  Under  sucli  oircuinstances  perpen- 
dicular' pits  sbQuld  be  sunk  first  throuWh  the  over-lay  and  then  the 
marL  If  ncjt  too  great  a  height)  the  mari,  as  dug,  should  be 
thrown  to! the  top  of  the  remaining'  firm  earth,  there  to  be  thrown 
into  and  removed  by  tho'carts.  When  the  digging  is  carried  so 
low  that  the  throwing  exceeds  10  feet  in  perpendicular  height,  a 
scaffold  should- be  i}i|ide,'or  a  slieif  of  marl  left,  at  the  side 
of  the  pit  next  to  which  the  carts  approach,  and.^t  a  convenient 
height  for  the  remainder  of  the  digging.  The  lower  marl  will  be 
thrown  first  upon  the  scaffold,  theuoeto  the  su/rface  of  the  ground 
above,  and  then  into  the  carts.  Thu^j^the  .marl  niay  be  thrown  up 
from  the  bottom,  of  vtiie  bed,  if -that  j^  npt  more  than  20  feet  be- 
low the  surface,  for  lofdingfe  The  length  and  breadth  of  such  pits 
should  not  be  gre^teristhan  to  permit  e^ch  pit  to  be  finished  in  a 
few  days  after  its  commencemenT;.  Then  an  adjoining  like  space 
may  be  uncovered,  the  earth  being  thrown  into'  the  previous  dig- 
ging, and  the  marl  e^cavate^,  in  like  manner.  Shpuld  a  flood  of 
rain-water,  or  th6  caving  in  of  wet  e'arth  fill  'such,  a  pit,  when 'the 
digging  had  not  been  sunk  but  a;  few  feet,  the  damage  may  bcS , 
remedied  and'  the  remaining  marl  sav^d.  Or  if,-but'  a  few  fee-t 
thickness  of  marl  ^e  left,  and  ia  covered  by  earth  .or  water  in  ; 
too  great  quantity'to  be.woi^h  clearing  out,  then  the  loss  of  the 
bottom  m£trl  will' not  be  very  important.   ,      :,    .  r 

For  such  situa,tions  as  these,  in  some  pases  lifting  machines  have 
been  used  successfully.  Ohe,  used  by 'W'm.  Garmichael,,EsqL.,  of 
Maryland,  was  described  by  hini  in  a  communication  to  th^  Far- 
mers'Eegister,  a?  follows  :  ,  r  ,,  '■".,';  ,:- 
'  "In  your  'Essay  on.  Calcareous  Mapures,'  yo'i;  give, instructions  . 
for  digging  and  carting  marl.  This  method  I  pursued  for  many 
years,  but  found  the  labour  tard  on  my  hands,  and  tedious.  Marl 
here  is  generally  found;  in  deep  ravines  or  in  wet  grounds.  My 
operatidiiS  have  bqen  slpw,  ffOm.  the  difficulty  of  making  firm  and 
lasting  WSys,  a;nd  the, labour  of  .ascending  steep  hiUs.  Last  winter 
I  made  ^  model,  and  this  spyingllpuiita  machi^ne  for  raising  marl, 
tb  be'worjced  by  a  horse.  I  haye  l!)eei},.uyn^it  t6  advantage,  and 
now  semj,  yQu  a  draught  of  it,  asr  it  may  be  useful  to  those 
who  have  wej;  marl  pits  lik?  mine.  By  ijieana  of  a  pump  to  throw 
off  the  water,  pits  may  be  worked ,  at  a  considerable  depth ;  and , 
eyen  if  ma:rl  is  dry,  but  lies  deep,  I  think  the' crane  might  be  used 
to  advantage.  I  use  tiSro  boxpSj  and  by  means  of  hinges  and  a 
latch  the  marl  is  discharged  from  the  bottom.  I  have  double 
blocks;  the  rope  passes  through  the  swoop  ab.oii*  eighteen  inches 
from  the  end,  and  runs  down  to.  the  post,  which  supports  the  swoop, 
andjpa^ses  through  it  oil  a  small  roller,  and  in  like  manner  through . 
tiie'nex-t  post  to  the  cylinder,  to  y^hich, a  reel  is' attached  to  inprqase 
th&  motion.     The' post  which  Molds  tbe  swoop  and  the  cylinder, ' 
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runs  on  iron  pins  let  into  thimbles.  The  lever  is  in  two  pieces, 
one  fastened  in  the  cylinder  with  a  groove  at  the  end,  into  which 
the  other  is  let,  and  secured  by  a  sliding  iron  clamp.  When  the 
marl  is  discharged  from  the  box,  and  the  swoop  swung  round  over 
the  pit,  in  nautical  phrase,  by  unshipping  the  end  of  the  lever,  the 
rope  unwinds,  and  the  box  descends  without  moving  the  horse. 
The  circle  in  which  the  horse  travels  ought  to  be  twenty-one  feet  in 
diameter.     The  second  and  third  posts  are  supported  by  side  braces. 


"  The  cost  of  the  machine  is  small,  though  I  cannot  make  an 
exact  estimate.  The  carpenter  who  did  the  work  was  hired  by  the 
day  on  the  farm,  and  was  taken  off  with  other  jobs ;  but  his  bill 
could  not  exceed  eight  dollars.  The  cost  of  the  iron-work  was 
ten,  and  one  hundred  and  sixty-five  feet  of  inch  rope,  at  eighteen 
and  a  half  cents  a  pound.  The  timber,  taken  from  my  own  woods, 
may  be  estimated  at  five  dollars.  The  rope  I  find  soon  wears  out, 
and  I  intend  to  supply  its  place  with  a  light  iron  chain. 

"  When  the  marl  is  uncovered,  with  one  eiEcient  hand  in  the  pit 
and  a  less  efficient  one  to  discharge  the  boxes  and  drive  the  horse, 
five  hundred  bushels  may  be  raised  in  a  day.  The  work  is  not 
oppressive  to  the  labourers.  The  teams  stand  on  high,  dry  ground  j 
no  sloughs  to  plunge  through,  and  no  hill  to  climb.  The  swoop 
is  turned  by  a  small  rope  over  the  carts,  and  the  marl  immediately 
discharged  into  them.  I  work  four  carts,  with  two  sets  of  oxen  to 
each.  They  came  out  of  the  winter  lean  and  weak ;  and  now,  with 
green  clover  for  their  food,  at  the  distance  of  a  half  to  three-quarters 
of  a  mile  I  draw  out  from  four  to  five  hundred  bushels  a  day,  and 
my  oxen  have  improved.  My  work  goes  on  with  ease  and  expedi- 
tion, without  stoppage  to  mend  roads,  or  to  clean  ditches." 

The  machine  which  will  be  described  below  is  used  at  Fortress 
?iIonroo  for  raising  sand  from  the  fosse  to  fill  the  ramparts ;  and 
has  been  found  by  experience  to  be  the  best  contrivance  of  all 
which  have  been  tried  for  that  operation,  and  for  which  an  immense 
amount  of  labour  was  necessary  in  constructing  the  defences  of  the 
fortres.s.  Precisely  the  same  manner  of  operation  is  required  for 
'raising  marl  from  deep  pits,  and  there  can  be  no  doubt  of  this 
being  a  more  effective  machine  for  that  purpose  than  any  worked 
by  hand.     The  force  applied  is  the  weight  of  the  labourers,  on 


MACHINE  POR  HAND  LABOUR. 


293 


the  principle  of  the  tread-mill,  which,  though  heavy  lahour,  is  the 
most  effective  manner  in  which  the  power  of  men  can  be  applied. 
I  am  indebted  for  the  suggestion  of  this  machine  for  raising  marl 
to  the  observation  and  scientific  knowledge  of  mechanics  of  my 
friend  Professor  M.  Tuomey,  and  also  for  the  following  description, 
and  the  drawings  for  the  engraved  figures.  Mr.  Tuomey,  when 
making  a  transient  visit  to  the  fortress,  had  seen  the  machine  at 
work;  and  after  reading  in  the  foregoing  part  of  this  work  the 
remarks  on  the  different  modes  of  raising  marl,  and  having  wit- 
nessed some  of  the  usual  modes  in  practice,  this  machine  and  what 
he  had  seen  of  its  power  appeared  greatly  superior,  wherever  cir- 
cumstances may  require  the  use  of  machinery.  Upon  being  thus 
informed,  I  applied  to  Dr.  Kobert  Archer,  U.  S.  A.  Surgeon  at 
Fortress  Monroe,  for  a  rough  plan,  and  accurate  statement  of  the 
dimensions  of  the  machine,  both  of  which  he  kindly  furnished; 
and  with  the  aid  of  these,  BIr.  Tuomey  has  been  enabled  to  give 
such  particular  description  and  correct  delineation  as  will  serve  for 
full  instruction  for  the  building  and.  working  of  the  machine. 


Fig.  1. 


"  1.  Figure  1  ig  a  side  Tiew,  in  perspective. 

i  i  The  base,  consisting  of  3  pieces  of  scantling,  each  12  feet  long,  and 
11  inches  by  5,  notched  on  to  each  other  about  6  inches  from  the  end,  so 
as  to  be  flush  on  top,  forming  an  equilateral  triangle. 

e  The  principal  post  8  feet,  8  by  6  inches,  secured  to  the  base,  and  braced 
by  the  braces  /.  Near  the  top  of  this  post  2  iron  sheeves  or  pulleys  are 
placed,  one  on  each  side,  and  secured  by  pieces  spiked  over  them.  The 
chains  pass  over  these  pulleys. 

f.  2  braces  11  feet  long,  4  inches  by  6. 

h,  h,  Two  uprights,  in  which  the  gudgeons  of  the  wheel  turn;  ^ey  are 
bolted  to  the  base  and  connected  at  the  top  by  the  piece  ^,  10  feet  0 
inches  long,  41  by  6  inches,  which  also  series  as  a  hand  rail  for  the  men 
to  steady  by  4hen  working  on  the  wheel.  These  uprights  are  further 
secured  by  cross-pieces  connected  with  the  braces,  and  bearing  m  front 
25* 
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,  and  r,ear  of-  the  wheel  two  steps  on  which  the  men  stand  as  they  go  on  or 
off  the  wieel.  ,  *     _  ., 

iff.  The  wheel  4feet  in  diameter,  the  steps 3J  feet  long  8  inches  wide, made 
of  IJ  inch  plank.  The'  ends  of  the^wheels  are  forined  of  two  thicknesses 
of  .inch  plank  placed  crosswise,  the  inside  being  grooved  to  receive  the 

';  steps  which  are  placed, about  8  inches. apart.  The.^xle  of  the  wheel  is 
iO  feet  6  inches  long  and  8  inches  in  diameter,  the  portion  round  which 
the  tope  winds  is  enlarged,  so  as  to  siiitthe  force  employed  on  the  wheel, 
or  the  weight  t6  be  raised,  by-  nailing  on  strips  of  plank,  'oVer  which  a 
few  turns  of 'old  rope  may  be  placed  to  prevent  the  slipping  of  the  chain. 

To  prevent  confusion,  only  one  crane  (or  ana)  is  represented  in.  this  iigure; 

The  crane  post  is  represented. as  turning  on  twp  iron  pivojs  in  pieces,?,  «, 
one  bolted  to  the  principal  po?t  «,  and  the  other  spiked  to  the  base.  The 
crane  post  is  '6  inches  square.   '    '   '  , 

«.  Thecranejib,  7  feet  6  inches  long,  6  by  7 inches.  '  '  _ 

I.  The  strut  to  the  jib,'  8, feet  6- inches  long,  4  by  6  inches.  Near  the  ex^ 
tremity  of  the  jib  an  iron shee^eis  fixed  over  which  the  chain  passes. 

t,  Is  a  three-quarter  inch  lod  of  iron  secured  to  a  by  means  of  a  staple, 
and  haying  a  hook  at  the  other  end,  which  drops,  into  a  jtaple  at  i.  This 
rod  serves  the  double  purpose  of  a  Stay  and  a  .guide,  by  which  (wh'eti 
unhooked)  the  arm  is  drawn  to  one  side  for  the  purpose  of  landing-  the 
box.  When  fixed  as  Jfepresented  in  the  4irtn»ing,  it  serves  to  retain  thi 
crane  in  its  proper  position.  When  the  box  is  raised  the  rod  is  unhooked, 
and  by  means  of  it  the  box  is  landed, 


Fig.  2, 


Eigure  2  is  a  front  view,  showing  the  relative  position  of  the  oranesj  which 
are  represented  as  turned  aside.  The  chain  is  seen  winding  around.the 
axle.  ^  It.is  evident  thirtthe-  men  must  pass  to  the  opposite. side  of  ths 
wheel  as  each  box  is  dtai^  upj 

//..Represents  2  views  of  the  boxefe,  which  are  square  and  ma^  be  each 
about  21  inches  every  wiy.  They  will  then  contain  nearly  6  cubic  feet 
each.     They  are  suspended  by  t^o  pins,  placed  a  little  below  and  to  one 


side  of  the  centre  so  as  to  turn  over  and  empty  themselves  when  a  small 
iron  pin  seen  at  j",  ■fig"^<'  2,  is  withdrawn.  Three  men  can  be  employed 
to  advantage  at  the  wjieel,  two  remaining  on,  whilst  the  third  gets  off  to 
land  the  box.  Should  th&  box  not  be  heavy  enough,  the  diameter  of  the 
axle  can  be  enlarged  so  as  'to  make  up  in  time  what  is  lost  in  weight. 
Should  it  be  too  hea-^  for  the  force  employed,  the  diameter  may  be  les- 
sened." '., 

The  above  dimensions  of  timbers  weie  those  of  the  particular 
machine  measured  by  Dr.  Archer;  but  they  vary  in  all  the  machines 
of  this  kind  used  at  the  fortress.  The  length- of  the  arms  of  course 
should  be  proportioned  to  the  height  to  which  the,  loaded  buckets 
aris:to'  be  raised.  For  marl,  any  sized  timbers  on  hand,,  or  logs, 
that  are  long  enough,  would  serve  for  the  base^i,*'-)  It'is  how;  , 
ever  desirable  that  the.niachine  should  be  as  light ,  as,  is  fionsiatent- 
with  strength,  for  the  greater  facility  of  moving  it ;  andfor  strength 
alone  (as  in  all  other  machines)  the  large  size  of  tiinbeis  is. of  less 
importance  than  their  being  well  put  together.  Two  thick  and 
nai-rdw  planks,  firmly  sjJiked  together,  and  with,, a,  space i left  be- 
tween of  proper  size  for  the  sheeve  -to  play  in.iit  th?  upper  eni^, 
would  be  a  cheaper  substitute  for  the  jib  a.,  When  carts  are  re; 
moving  the  marl  at  the  same  time  it  is  raised,  there,  would  be  much 
advantage  gained  in  having  the,  boxes  of  sueh  size,  as  to  be  emptied 
into  the'  carts,  and  the  measure  or  load  of  a;  box,  to  be  some  aliquot 
part  of  the  loads  for  the  carts.  :    , 

•  Machines  of  this  kind  will  be  required,  and  will  be  most  profita- 
ble, whenever,  marl  is  to  be  taken  from  deep  and  wet  pits,  and  in, 
extended  operations.  '  : 

"■  Making  Roads. 

On  high  and  hilly  land,  marl  is  generally  found  near  the  bottom, 
of  ravines,  and  separated  from  the  field  to  which  it  is  to  be  carried , 
by  a  high  and  steep  hill-side.  The  difficulty  of  cutting  road?  in  such 
situations  is  much  less  than  any  inexperienced  person  would  sup- 
pose. We  cannot  get  rid  of  any  of  the  actual  elevation — but  the. 
Iscent  may  be  made  as  gradual  as  is  desired,  by  a  proper  location 
of  the  road.  The  intended  course  must  be  laid  off  by  the  eye,  and 
the  upper  side  of  the  road  marked.  If  it  passes  through  woods, 
it  will  be  necessary  to  use  grubbing  hoes  for  the  digging.  With 
these  the  digging  should  be  begun  at  the  distance  of  four  or  five 
feet  below  the  marked  line,  and  carried  horizontally  onward  to  it 
The  earth  so  dug  is  to  be  pulled  back  with  the  broad  hoes,  and 
laid  over  a  width  of  three  or  four  feet  below  the  place  from  which 
it  was  taken.  Thus  the  upper  side  of  the  road  is  formed  by  cut- 
ting  down,  and  the  lower  side  by  filling  up  with  the  earth  taken 
from  above. 
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a 

The  annexed  figure  ■will  prevent  these  directions  being  misunder- 
stood. The  straight  line  from  a  to  6  represents  the  original  slope 
of  the  hill-side,  of  which  the  whole  figure  is  a  section.  The  upper 
end  of  the  dotted  part  of  the  line  is  in  the  mark  for  laying  ofi'  the 
upper  side  of  the  road.  The  upper  triangle  is  a  section  of  the 
earth  dug  out  of  the  hill-side,  and  the  lower  triangle  of  the  part 
filled  up  by  its  removal.  The  horizontal  line  is  the  level  of  the 
road  formed  by  cutting  in  on  the  upper,  and  filling  up  on  the  lower 
side.  After  shaping  the  road  roughly,  the  deficiencies  will  be  seen, 
and  may  be  corrected  in  the  finishing  work,  by  deepening  some 
places  and  filling  up  others,  so  as  to  graduate  the  whole  properly. 
A  width  of  ten  feet  of  firm  road  will  be  sufficient  for  carting  marl 
up  a  short  hill. 

If  the  land  through  which  the  road  is  to  be  cut  is  not  very  steep, 
and  is  free  from  trees  and  roots,  the  operation  may  be  made  much 
cheaper  by  using  the  plough.  The  first  furrow  should  be  run  along 
the  line  of  the  lower  side  of  the  intended  road,  and  turned  down 
hill ;  the  plough  then  returns  empty,  to  carry  a  second  furrow  by 
the  first.  In  this  manner  it  proceeds,  cutting  deeply,  and  throwing 
the  slices  far  (both  of  which  are  easily  done  on  a  hill-side),  until 
rather  more  than  the  required  width  for  the  road  is  ploughed. 
The  ploughman  then  begins  again  over  his  first  furrow,  and  ploughs 
the  whole  over  as  at  first,  and  this  course  is  repeated  perhaps  once 
or  twice  more,  until  enough  earth  is  cut  from  the  upper  and  put  on 
the  lower  side  of  the  road.  After  the  first  ploughing,  broad  hoes 
should  aid  and  complete  the  work,  by  pulling  down  the  earth  from 
the  higher  to  the  lower  side,  and  particularly  in  those  places  where 
the  hill-side  is  steepest.  After  the  proper  shape  is  given,  carts,  at 
first  empty,  and  then  with  light  loads,  should  be  driven  over  every 
part  of  the  surface  of  the  road  until  it  is  firm.  If  a  heavy  rain 
should  fall  before  it  has  been  thus  trodden,  the  road  would  be  ren- 
dered useless  for  a  considerable  time. 
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Implements  and  Means  for  facilitating  the  Labours — Application 

of  Marl. 

These  directions  are  mostly  suited  for  greater  difficulties  than 
usually  occur,  though  they  are  such  as  attended  most  of  my  labours 
in  marling.  In  the  great  majority  of  cases,  there  will  be  less 
labour,  and  care,  and  skill  required,  because  there  will  not  be  en- 
countered such  obstacles  as  high  and  steep  hills  to  ascend,  thick 
over-lying  earth  to  remove,  or  wet  pits  and  roads  to  keep  drained. 

In  large  operations  and  in  dry  and  compact  marl,  much  labour 
of  digging  may  be  saved  by  slightly  undermining  the  face  of  a  per- 
pendicular' body  of  marl,  and  then  splitting  off  large  masses,  by 
driving  in  a  line  of  large  wooden  wedges  on  the  upper  surface. 

For  very  hard  marl,  narrow  and  heavy  pickaxes  are  the  best  di". 
ging  implements.  For  softer  marl,  though  still  of  close  and  com- 
pact texture,  heavy  and  narrow  grubbing  hoes  are  better.  They 
should  weigh  near  or  quite  7  lbs.  when  new,  and  have  the  cutting 
edge  3  to  3|-  inches.  Gravel  shovels  (with  rounded  points  and 
long  handles),  of  the  best  quality,  are  the  cheapest  and  most  effec- 
tive tools  for  throwing  out  the  marl,  and  loading  the  carts,  as  well 
as  for  afterwards  spreading  the  heaps  in  the  field. 

Tumbrel  or  tilting  carts,  drawn  by  one  horse  or  mule,  are  the 
most  convenient  for  conveying  marl  very  short  distances ;  and  even 
for  longer  distances,  if  on  hilly  roads  and  fields.  Every  part  of 
such  carts  should  be  as  light  as  will  serve  for  strength,  and  the 
body  should  be  so  small  as  to  hold  only  the  load  it  is  designed  to 
carry.  This  enables  the  drivers  to  measure  every  load;  which 
advantage,  on  trial,  will  be  found  very  important.  If  carts  of 
common  and  much  larger  sizes  are  used,  the  careless  labourers  will 
generally  load  too  lightly,  and  yet  will  sometimes  injure  the  horse 
by  too  heavy  loading.  The  small-sized  cart-bodies  prevent  both  those 
faults.  Their  loads  cannot  be  made  much  too  heavy ;  and  if  too 
light,  the  deficiency  is  detected  at  a  glance.  When  there  is  much 
or  steep  ascent  in  the  carriage  way,  5  heaped  bushels  of  ordinary 
wet  marl,  or  6  of  dry,  will  make  a  full  load  for  a  good  mule,  or 
ordinary  horse.  The  larger  quantity  may  be  put  in  by  heaping 
somewhat  above  the  level  of  the  cart.  The"  greatest  objection  to 
these  carts  is  that  they  are  too  small  to  carry  loads  of  anything  but 
marl.  On  roads  nearly  level,  tumbrels  drawn  by  two  mules  are 
much  preferable.  There  is  the  saving  of  another  driver,  and  the 
cost  and  weight  of  another  cart ;  and  though  the  cart  is  large  and 
heavy,  it  is  so  much  lighter  than  two  small  carts,  that  two  mules 
together  in  the  former,  will  draw  full  as  much  weight  as  if  separate 
and  with  the  latter.  The  larger  carts  should  hold  about  15  heaped 
bushels  of  marl,  when  the  load  is  level  with  the  top  of  the  body ; 
and  which  may  be  increased  to  18  or  19  bushels  (the  proper  load 
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for  two  mules  on  leyel  land  and  firm.  roads)_by  heaping.  Two 
mules  together  will  draw  tKis  load,  or  about  1900  lbs. ;  or  one 
mule,  in  a  light  cart,  9  bushqls,  as  easily  as  the  latter  -will  drjHp  5 
bushels  oil  hilly  land.  But  on  hilly  land,  two-mule  carts  canhot 
well  be  used.  For  when  drawing  up  a  hill,  if  onefmiile  ceases  to 
pull  for  ever  so  short  a  time,  the  whole  load,  and,  a  doubled  labour, 
is  put  upob  the  other  mile,  which  is  thus  over-stra;ined^  and  taught 
to  balk,  if  not  otherwise  damaged. 

Strong  laibourers  are  required  for  digging  and  shovelling-marl. 
Boys  of  1^  to  14  years  old  may  drive  single-mule  carts.  The 
animals  kept  regularly  at  such  hauling  soon  become  so  gentle  and 
tractable,  that  very  little  skill  or  strength  is  required  in  the  driver. 
But  for  a  two-mule  cart,  an  active  and  careful  young  man  should 
drive,  because  his  strength  is  required  at,  some -times,  and  his  judg- 
inent  and  care  alWays  to  load  properly,  and  tO  make  the  mules  draw 
equally.  -.      ; 

One  of  the  most  general  and  injurious  errors  in  marling,  is  the 
unequal  and  irregular  spreading  of  the  marl,  on  the  land.  Prom 
this  cause  it  often  happens  that  there  is  too  much  and  toO  littlq 
marl  applied  to  the.  same  quarter-acre;  and  sorrel  still  remaming 
and  growing,  and  "  marl-burnt"  corn,  maybe  seen  nOt  niany  yards 
apart.  The  only  eifectual  means  Whichl  have  found  to  attain  any- 
thing like  equal  distribution,  has  been  to  measure  by  stepping,, and 
marking  with  a  hoe,  each  distance  for  a  heap  to  be  dropped.  This 
has  been  done  by  myself  for  much  the  greater  quantity  of  all  the 
marl  I  have  had  carried  out ;  as  I  never  could  have  the  measuring 
and  marking  of  distancSes  donis  with  sufficient  accuracy  by  the  dri- 
vers. If  the  field  had  been  left  in  beds,  Or  the  rows  of  the  last  pre- 
vious ploughing  are  visible,  it  will  much  facilitate  the  marking. 
Otherwise,  rows  must  be  marked  by  the  plough  in  one  direction^ 
or  nieasuring  poles  must  be  set  up  at  each  extremity  of  the  rows 
for  marl,  to 'mark  the  cross-distance  as  well  as  to  guide  the  direction 
of  the  rows.  The  thus  placing  the  heaps  at  regular  or  average 
distances  is  the  best  security  for  regular  distributioi;!  of  the  marl 
in  spreading.  But,  nevertheless,  the  latter  operation  ought  to. be 
carefully  watched,  and  made  as  uniform  as  Will  serve  for  thorough 
and  equal  diffusion  through  the  soil,  with  the  subsequent  aid  in 
tillage,  of  ploughing  and  harrowing. 

Some  extensive  marlers,  before  commencing  on  a  field,  have  it 
marked  off  by  a  plough  for  the  placing  of  the  heaps  of  marl.  H 
the  land  is  in  beds,  cross-furrows  only  are  needed.  If  the  surface 
is  smooth,  it  must  also  be  marked  at  right-angles.  '  In  eithel-  case, 
the  field  is  thus  marked  Off  into  rectangular  spaces,,  in.  each  of  which 
a  heap  of  marl  is  dropped,  and  over  thjs  whole  of  which  space  it  is 
afterwards  to  be  spread.  But  I  found  this'  mod^  more  objection- 
able than  the  former.     The  drivers  have  so  much  latitude,  that 
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tkey,,are  very  ca.i5,eleas  aa  to,  liyliere  they  drop  their, ;IieapsT:within 
each  rectangle ;  arid  the' spreadersJaive,  more  latiour  to  distribute 
the  marl  equally,  andthsrefore  ar6  moreapt  t9negleet-it:-  Bpsrdes, 
it  is  often,  requisite  to  alter  the  distancfjs  .of  thahe^pa,  iithsr-^blecause 
of  charige  of  soil,  or  because  of  change  in  it^ie  sizes!  of  the!  loads, 
owing  :to  altered  condition  of  the  roads.  i"  '■ 

:     '■ '  Marling  ^Tables  an  A ^  Estimated.     ■    !  '  '        I 

Thei  following  tables  may  be  useful  in  jfadilitatin^  oaleulUions, 
and  prpmbting  the  important,  object  of  applyipgHiarl,  in  Bq^al  and 
uniforiia  quantities,  according  to  the  ijuality  of  the  ii^atl  and  the 
wants  of  the  soil;  which  object,  however,  is  generally  ,s6  jittle  re- 
garded^ that  few  persona  attpjnpt  by  cailculatio!a;ta  reabhiauy  of  the 
results  which  these  tables  air$  designed  to  shoV  by  mird  -Tbfarence. 

Table  X.  Showing  the  mifr^^fi-.o/  cubic  feet  l^f  dug  marl  (as  compressed  by  its 
■weigh't  in  the  loaded  carts),  necessary  to  ptmi^h  one  per  cent,,  of  carbonate 
of  lir^e  tfi  fhe  acre  of  ski,  for  the  ploughed  deplhs  dtatei :     '  ' 


Marl  contaiu- 

< 

1 

ing  of  ,carb. 
lime. 

3  incliefe. 

4  inches. 

5  inches. 

6  inebei 

7  inches. 

8  fnches. 

per  cent. 

cubic  feet. 

cnbic  feet. 

cubic  feet.  ' 

cuMq  feet. 

2m.    . 

cpbio  feet. 
2541;  , 

10 

1089. 

1452. 

1815. 

2904. 

20 

544.5, 

726,  ^ 

907.5 

1089-       ; 

'l;27oiQ.  ; 

:  1452. 

30,     , 

363. 

484. 

605.      : 

726. 

847;      . 

,    968. 

40 

272.25 

363. 

453.75 

544.5i 

635.25 

7^6. 

50 

217.8 

290.4 

363. 

435.6    , 

,-508.2 

,680.8 

60, 

181.5 

242." 

302.5    . 

363.      . 

■   423.5  , 

480.66 

70 

.155.57.. 

207.  ia . 

259.28._ 

.  .211J1' 

363: 

'414.86 

.    80 

136.12 

181.5 

226.87 

272.25 

317.62 

.3.63. 

,       90 

121. 

161.33 

2Q1.6B 

242. 

,  282.33 

322.66 

100 

108.9 

145.2 

181.5. 

217.8 

254.1 

.■2fl0.4    ' 

TaSlh  il.  Showing  the  number  of  'even  Mshels  of  matl,  'as  Compressed  by'  ii-i' 
,:weigktin  the  carta,  necesiary  to  furnish  one  'per  cent..  of'Cesrboriaie  of  lime  to 
,. .tft£  soil,  for  ihct  tilled tdepths [Stated :        ,'      !,^  T    i       .fif,;  ,  I'i  ,' 


Marl  cont'ilip: 

■  ■  :        ,1 

^   V    ,.,   ,  t 

per  cent  of 

S  inches. 

i  inches. 

Srincfa^^  ' 

6infehesi 

7  inches. 

8  inches.  ' 

carb.  lime. 

,     _    ;     ' 

■ 

bushels. 

■  ■  ibushels., 

boahdB. 

Kushels.   . 

bushels. 

bushels. 

10 

875,1    , 

1166-.  8, 

1458.5.  , 

1750.2 

2041.9  , 

,2333.6 

2'0. 

437.55 

.  B83.4 

^  ,'(29.515, 
''486.17 

.  875..1  „ 

1020.95 

1166.8     : 

'      -30 

291.7 

388.93 

583.4 

680;6& 

,.    777.87 

40'     • 

218.77 

291.7 

864.62 

'  437.65 

i8l6.47 

583.4 

50 

175.02 

233.36 

291.7  1 

350.04 

408i'38 

466.72  • 

60 

145.8§. 

,[194.46'/ 

.,24S.f>8.. 

1:1291.7 

■   BiO.31 

388,93 

70 

125.01, 

18pi.97 

a08.36" 

,2S0.p,3^ 

2p.7 

333.37 

80 

109.38,^ 

145^85 

,J82.31 

194.46-' 

:  2f5.23 

291.7 

90 

97.23 

1^S'.64 

162.05 

226.88 

259.29 

?,,'iia0  ':    ■ 

.rrr-- 

87.51 

li6.5a 

i           .! 

145.85 

17S.02, 

204.19  : 

: 1. — 

■;  2^8:36 
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Table  IH.,  ahovdng  the  number  of  rectangular  spaces,  of  various  dimensions, 
in  an  acre  of  land. 


Rectan- 

Rectan. 

Yards. 

Sq.  yds. 

gular 
Spaces. 

Yards. 

Sq.  yds. 

gnlar 
Spaces. 

15x15 

—9.9S 

22 

12x10 

=120 

40 

15x14 

=210 

23 

12x  9 

=108 

44 

15x13 

195 

25 

1 

12x  8 

96 

50 

15x12 

180 

27 

12x  7 

84 

57 

15x11 

165 

29 

12x  6 

72 

67 

15x10 

150 

32 

11x11 

121 

40 

15x  9 

135 

36 

11x10 

110 

44 

15x  8 

120 

40 

llx  9 

99 

48 

14x14 

196 

24 

llx  8 

88 

54 

14x13 

182 

26 

llx  7 

77 

62 

■ 

14x12 

168 

29 

llx  6 

66 

73 

14x11 

154 

31 

10x10 

100 

48 

14x10 

140 

34 

lOx  9 

90 

53 

14x  9 

126 

38 

lOx  8 

80 

60 

14x  8 

112 

43 

lOx  7 

70 

69 

14x  7 

98 

49 

lOx  6 

60 

80 

13x13 

169 

28 

lOx  5 

50 

96 

13x12 

156 

31 

9x  9 

81 

59 

13x11 

143 

34 

9x  8 

72 

67 

13x10 

130 

37 

9x  7 

63 

76 

13x  9 

117 

41 

8x  8 

64 

75 

13x  8 

104 

46 

8x  7 

56 

86 

13x  7 

91 

53 

7x  7 

49 

98 

12x12 

144 

83 

7x  6 

42 

114 

12x11 

132 

36 

6x  6 

36 

133 

It  is  scarcely  necessary  to  direct  the  application  of  these  tables 
to  practical  operations ;  and  therefore  a  single  example  only  will 
be  offered.  Suppose  a  farmer's  marl  contains  about  40  per  cent, 
of  carbonate  of  lime,  and  he  wishes  to  give  1  per  cent,  to  his  de- 
signed tilled  depth  of  5  inches.  He  takes  the  number  40  per  cent, 
in  the  first  column  of  Table  II.,  and  passes  thence  in  the  same 
horizontal  line  across  the  table  until  reaching  the  column  headed 
"  5  inches."  The  number  at  the  intersection  is  364.62,  the  num- 
ber of  bushels  of  marl  required.  Next,  to  apportion  this  quantity 
to  the  acre.  The  heaps  he  can  most  conveniently  make,  we  will 
suppose,  will  be  8  bushels.  Dividing  364.62  by  eight,  gives  about 
45  J  heaps  required  for  the  acre.  Then  referring  to  Table  III.,  for 
that  number  of  spaces,  or  the  nearest  to  that  number,  in  an  acre, 
it  is  seen  that  the  distances  of 

14  X  8  yards,  will  make  43  heaps. 

13  X  8      «  "        46       « 

11  X  10    "  "        44       « 

Either  of  these  quantities  would  be  suitable  enough ;  and  the 
farmer  would  choose  the  distances  which  will  best  suit  his  width 
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of  ploughing.  If  desiring  more  perfect  ezactness,  it  could  be  easily 
obtained  by  adding  to  or  deducting  from  one  of  the  dimensions  the 
necessary  fraction  of  a  yard. 

Heaped  bushels  of  loose  marl,  as  measured  separately,  do  not 
vary  much  from  the  same  number  of  even  bushels,  as  compressed 
in  a  cart  body,  by  its  own  weight,  and  by  the  travel  to  thu  field. 
I  find  reference  to  bushels  more  convenient  than  to  cubic  feet.  But 
if  preferred,  the  same  desired  results  may  be  reached  by  using 
Table  I.,  and  cubic  feet  as  the  measure  instead  of  bushels. 

The  measuring  of  marl,  in  a  half-bushel  measure,  for  the  purpose 
of  determining  larger  quantities,  is  but  a  rough  and  uncertain 
method,  which  is  only  to  be  relied  on  when  the  average  is  taken 
of  many  such  trials.  The  irregularity  of  the  lumps  of  marl,  when 
first  dug,  and  the  uncertainty  of  the  degree  of  heaping  of  the 
measure,  may  make  even  the  same  kind  and  condition  of  marl 
appear  to  vary  in  quantity  and  weight,  by  6  or  8  pounds  in  the 
bushel.  Besides  other  smaller  trials,  at  other  times,  I  made  the 
following  measurements  and  weighings  of  a  single  load  of  marl,  of 
which  the  report  may  be  of  use  for  comparison  : — 

A  load  of  marl,  just  dug,  was  thrown  into  the  cart,  as  usual,  by 
shovels.  The  heaping  of  the  load  rose  7  inches,  in  the  n^iddle, 
above  the  top  of  the  cart  body.  (Lumpy  and  moist  marl  may  be 
heaped  much  higher  than  dry  and  pulverized.)  This  was  about 
the  ordinary  degree  of  heaping,  when  the  roads  were  in  the  firmest 
state.  The  load  was  drawn  to  my  barn,  2000  yards  of  the  route  to 
the  field,  and  there  measured  by  the  half-bushel,  heaped,  and  each 
separate  measure  weighed.  The  weights  varied  from  49  to  56J 
lbs.  of  the  39  half-bushel  measures  (19  J  bushels)  which  the  load 
filled.  The  whole  load  weighed  2050  lbs.,  and  the  average  weight 
of  the  heaped  bushel  was  105.16  lbs.  This  marl  was  of  the  kind  I 
have  altogether  used  at  Marlboiirne  [to  1850] — compact  clayey 
marl,  partly  in  lumps,  moist  naturally  in  its  bed,  but  free  from  any 
other  water. 

The  inside  dimensions  of  this  two-mule  cart  body  were  these  : 
Average  of  length,  inches,         60.87 
"  width,       "  40 

"  depth,       "  15.16; 

which  make  21.36  cubic  feet,  or  17.12  even  bushels  of  capacity. 
(A  bushel  contains  2150.6  cubic  inches.)  But,  it  should  be  ob- 
served, that  the  compression  of  the  marl  by.  its  own  weight,  as 
thrown  into  the  cart,  and  still  more  by  the  settling  during  the  tra- 
vel to  the  field,  permits  and  causes  more  bushels  of  marl  (if  pre- 
viously measured)  to  be  jDut  into  the  body  than  would  be  indicated 
by  its  cubic  capacity.  Thus,  into  the  cart  described  above,  at  an- 
other time,  the  marl  was  put  in  at  the  pit  by  a  half-bushel  measure, 
heaped  as  usual — and  which  heaping  certainly  added  as  much  as 
26 
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20  per  cent,  to  the  even  measure.  Yet  16  bushels  (the  measure 
being  thus  heaped),  were  require?!  to  fill  the  cart  even.  (If  thrown 
in,  as  usual,  by  shovels,  still  more  marl  would  have  been  put  into 
the  same  space,  jby  its  falling  more  heavily  from  the  shovels  than 
from  the  half-bushel.)  Upon  this  even  filling  of  the  cart  (the  16' 
heaped  bushels),  more  marl  was  added,  to  the  amount  of  5  bushels 
of  like  heaping  measurement,  making-  21  heaped  bushels  in  all.! 
This  raised  the  heaping  of  the  cart  higher  than  usual,  though  Hot; 
too  much  to  be  carried  without  waste.  After  being  driven  to  the 
field,  rather  more  than  IJ  miles,  the  then  heaping  part  of  the  load 
alone  was  carefully  taken  ofi^,  and  measured  by  esea  half-bushels; 
but  each  filling  being  pressed  into  the  mea.sure  moderately,  which 
was  supposed  to  give  a  degree  of  compactness  equal  to  the  remain- 
ing lower  pprt  of  the  load,  caused  by  its  weight  and  tho:  travel. 
This  quantity  madej 8 J  of  such  even  bushels;  the  djfierenee  be- 
tween which  and  the  5  heaped  bushels  put  on  in  heaping  at  the 
pit,  was' owing  to  the  settling  of  the  whole  load  by  its  weight  and' 
the  travel,  i    ■  ! 

The  remaining^  euen.  and  compressedi  filling  of  the  C9,rt  body,  by 
cjibic  measurement  of  its  capacity,  as  stated  above^  was  (21.36 
cubic  feet,  or)  1 7.12  even  bushels.  Add.  to.  this  the  8  J  even  and^. 
compressed  bushels  of  the  heaping  (after  its  being  settled  by  the 
travel), and  the  quantity  of  thewhole  load  is  (17.12  -J-8.50=)20,62j 
compressed  and.  even  bushels,  equal  to  21,  loose  and  heaped;  as 
measured  at  the  loading.  Therefore  it  may  be  considered  that  a 
heaped  bushel  of  loose  and  moist  marl  is  about  equalj  when  com-i 
^pressed,  to  the  same  measure  even  full. 

From  all  these  and  othgr  trials  and  observations;  combined  and' 
compared,  I  consider  the  following  quantities  as  sufficiently  close; 
approximations  to  the  truth : —  I  •.. 

A  heape4. bushel  of  this  and  similar  marl,  loose,  as  dug,  .weighsi 
105.16  lbs.  .  -  ,  :,  ..; 

An  even  bushel,  compressed,  weighs  about  the  same.--    .  ,     .    i   - 

The  load,  of  a  proper  two-mule  cart,  for  roads  in  good  ordet.and 
over  firm  land  not  varying  much,  from  level,  is  18  to  19  heaped 
bushels— or  1900  to  2000  lbs. 

Weight  of  a  cubic  foot  of  this  marl,  in  the  bed,  is  120i  lbs. 
(determined  by  trial  of  a  smaller  measured  solid).  .  By  two  differ- 
ent trials,  of  pits  measured  by  their  cubic  dimensions  in  the  bed,; 
one  of  1052  cubic  feet  yielded  1103  heaped  bushels  of  marl,  as  dug, 
and  measured  by  the  estimated  cart-loads ;  and  the  other,  of  1475' 
cubic  feet,  in  the  bed,  yielded  1675  heaped  bushels.  These,  esti- 
mates would  respectively  make  the  cubic  foot  weigh  about  111  and 
119  lbs.,  Of  course  these  were  not  exact. measurements,eithei  in 
the  bed,  of  feet,  or  in.  the  carts,  of. bushels. 

10  cubic  feet  of  jnarl,  measured  in.^the  cart. body,  and  as  com- 
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afct  as  made  1)7 'its  own  pressure  and  the  tfavel,  are  equal  to  8.03 
_say  8)  even  'bushels,  in  the  same  state  of  compactness)  arid' ma;y 
B'6  token  as  equal  to  the  same  numbet  (8  j  of  h^aft^d  bushels,  loose 
aS'Wh'eridugv         '  '  ''      .-•  v  ;  \  t',  v 

^  In  Uiarls  of  equal  degrees  of  moisture,  the  weightwillbe  greatef 
iix  proportion  t6  the  quantity  of  silicious  Sand  in  each). /and,  in  a 
kSs  degree,  also  to  the  soundness  and  'compactness  of  any  shells 
contained.  In  marls' simil^t  in  these  respects,  of  course  the  weight 
will  be  in  proportion  to  the  witness.  The  lightest  marl  levef- 
worWd,  which  waS  ks  dry  as  any  earth  could  naturally  be,  did  not 
A*eigh  less  than  100  lbs.  to  the  heaped  bushel. 
•  Some  or  all  the  foregoing  suggestions  of  facilitifesand'expedients,- 
or  perhaps  some  better  pkns,  might  perhaps  oceur  to  mioSt  persons; 
before  they  are  long '  engaged  in  marling;  Still  these  directions 
insbj  help  to  smooth  away  some  ef  the'  obstructions' in  the  Way  of 
the  inexperienced  ;^and  they  wiU  not  be  entirely  useless,  if  they 
ean  setve  to  prevent  ,'CTfen  small  losses  of 'time  arid- kbbur.    '     _    ' 

It  is  impossible  to  carry  ori  marling  to  adrantage',  or' with  afiy- 
thing  like  eobnoiny,  unlessdt'is'r&ade  a  regular  business,  to  be  con- 
tinued throughout  the  year,  or  a  specified  portion  of  it,  by  a  labour- 
ing force  devoted  to  that  purpose,  and  not  allowed  to  be  withdrawn 
for  any  other.  Instead  of  proceeding  on  this  plan,  most  persons 
who  have  begun  to  marl,  attempt  it  in  the  short  intervals  of  leisure 
afforded  between  their  different  farming  operations — and  without 
lessening,  for  this  purpose,,  the  jextentj'pfl  $heir  usual  cultivation. 
Let  us  suppose  that  preparations  have  been  made  for  such  an  at- 
tempt, andi  lon  the  first  opportunity^  ai  farmer:  eomaiiences  marling 
with  zeal  and  spirit.  Every  new  labour,  however,  is  attended  by 
causes  of  difficulty  arid  delay;  and  a  fall  shafe'i  of'  these  iwill  T)e 
found  in  the  first' few  days  of  marling.  Thp  Toad*  is'  soft  for  want 
of  iprevibus' -use,'  and,  if  the  least  wet,  soon  becomes  miry.  The 
horses,  unaecusbimed  tocastingj  balk  at  the  hills,  or  carry  only  half 
loads.  Other  difficulties' Occur  fj-om!  the  awkwardness  of  thp  laboiif- 
ers,  and  the  inexperience  of  their  master — and  Still  more  from  the 
»|sual  unwillingness , of  the  overseer  to  devote  anjf'  labour  to  improve- 
ments which  £g-e  not'^xpected  to  a,^d  to  thecrpp  ofithat  year. 
Before  matters  can  get  straight,  the  leisure  timeisiajt  akiend.  The 
work  is  stopped;  atid  the ,  road  arid  pit  are  left  to  get  out  of  order, 
before  making  another  attempt  some  six  months  aftei',  when  all  the 
same  vexatious  difficulties  are  again  ;to  be'  encountered.  It  is  there- 
fore not  at  all  surprising! that  many  zfealous  beginners  have  been 
discouraged  by  the  bad  management  of  their  first  operations;  arid 
tiave  abandoned  all  effort  to  marl,  until  after,  years  of  delay,  and 
when  again  induced  £o -resume,  by  the  success-  and 'profit  of  others 
who  had  not  limited  their  m^arlinglabouKs'^o;  leisure  times  only- 
i. '  If  one  horse  ir'mule,  only,  is  employed  jndrkwing  marl  through- 
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out  the  year,  at  the  moderate  allowance  of  200  working  days, 
and  100  bushels  carried  out  for  each  day,  the  yearns  work  will 
amount  to  20,000  bushels ;  or  enough  for  the  first  dressing  of  80 
acres,  at  250  bushels.  This  alone  would  be  creating  a  great  value, 
and  obtaining  a  great  profit  upon  the  outlay  of  expense.  But,  be- 
sides, this  operation  would  allow  the  profitable  employment  of  any 
amount  of  additional  and  available  force.  When,  at  any  time, 
other  teams  and  labourers  could  be  spared  to  assist,  even  if  but  for 
a  day  or  two,  everything  would  be  ready  for  them  to  go  immedi- 
ately to  work.  The  pit  is  well  drained,  the  road  is  firm,  the  bridges 
in  good  order,  and  the  ground  for  the  marl  marked  off  and  ready 
to  receive  the  loads.  In  this  manner,  much  work  may  be  obtained 
in  the  course  of  the  year,  from  teams  which  would  otherwise  be 
idle,  and  labourers  whose  other  employment  would  be  but  of  little 
importance.  Also  the  spreading  of  marl  on  the  field  is  a  job  that 
will  be  always  ready  to  occupy  spare  labour,  (unless  the  marl  is 
clayey  and  also  very  wet) ;  and  the  removing  of  earth  to  uncover 
marl  may  be  done  when  rain,  snow,  or  severe  freezing  weather  has 
rendered  the  earth  unfit  for  almost  every  other  kind  of  work. 


CHAPTER  XXVn. 

DIRECTIONS  FOR  THE  SEARCHING  FOR  AND  TESTING  OF  MARL. 

In  the  order  of  time  and  of  operations,  the  searching  for  marl, 
when  required  for  any  one  locality,  must  precede  the  labours  di- 
rected or  described  in  the  foregoing  chapter.  Nevertheless,  the 
reverse  order  will  bo  better  for  the  clear  understanding  of  directions 
by  those  persons  who  are  without  any  erperience  in  this  business.  To 
know  how  best  to  search  for  marl,  it  is  essential  to  know  the  gene- 
ral position,  and  other  characters  of  the  beds ;  and  the  necessary 
lights  on  these  points  were  given  in  the  preceding  chapter  as  the 
most  suitable  place. 

It  is  not  only  on  farms,  or  in  larger  spaces,  where  no  marl  has 
been  seen,  that  the  search  for  it  may  be  necessary.  On  larf^e  farms 
where  it  is  most  abundant,  and  easily  accessible,  in  some  places,  it 
is  usually  very_  important  to  trace  the  bed  to  some  other  place, 
where  the  working  will  be  more  useful  or  convenient.  The  being 
thus  enabled  to  bring  the  excavations  a  few  hundred  yards  nearer 
to  the  fields  may  save  twice  as  many  hundred  dollars  in  the  expense 
of  carting  the  marl  within,  one  or  two  years. 

The  farmer  who  has  seen  (and  still  better  if  he  has  worked) 
marl  in  some  one  spot  of  his  land,  or  his  neighbourhood,  has  thereby 
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obtained  the  best  possible  indications  of  the  probable  existence  of 
the  same  bed  in  a  more  desirable  situation.  As  the  beds  usually 
lie  nearly  horizontal,  and  are  continuous  for  considerable  distances, 
the  search  should  be  extended  upon  nearly  the  same  level.  Natural 
exposures  may  have  been  made  by  the  courses  of  rivers  or  smaller 
streams— or  artificial,  by  the  digging  of  ditches,  wells,  or  other 
excavations.  If  none  of  these  serve  to  expose  marl  to  viewj  the 
nesrt  resort  will  be  to  boring.  And  in  using  the  auger,  the  same 
rule  should  be  pursued  of  being  guided  by  the  supposed  level  of 
the  bed  sought.  Of  course,  any  nearly  horizontal  lower  bed  will 
have  the  least  covering  of  upper  earth  where  the  surface  is  most  de- 
pressed. Thus,  under  swamps,  or  in  deep  bottoms  or  ravines,  a  hidden 
bed  of  marl  may  be  expected  to  be  reached  with  less  depth  of  boring 
than  on  the  higher  land.  But  it  will  not  do  to  rely  upon  borings 
in  these  lowest  depressions  only.  For  in  many  eases,  the  marl 
itself,  or  the  upper  part  of  the  bed,  has  been  washed  away  and  re- 
moved by  the  ancient  action  of  running  water,  and  the  cavity  sub- 
sequently filled  by  other  washings  of  earth,  forming  the  present 
surface  soil  and  lower  layers.  Therefore,  besides  boring  in  the 
lowest  ground,  the  nearest  rise  of  the  adjacent  slope  of  high  land 
should  be  tried.  There  the  marl  would  have  been  left,  even  though 
removed  in  the  former  lower  channel"  of  the  ancient  strong  current 
of  water. 

If  marl  reaches  the  surface,  or  is  cut  into  anywhere  by  the  wash- 
ing of  rapid  streams,  it  may  probably  be  found  by  examining  the 
deepest  parts  of  these  cuttings.  Any  of  the  smallest  particles  of 
shells  found  in  the  lower  part  of  the  course  of  the  stream  will 
clearly  indicate  that  the  water  has  cut  into  marl  somewhere  above ; 
and  which  place  may  be  found  by  carefully  examining  the  bed  of 
the  stream  above. 

The  auger  most  convenient  for  the  ordinary  searching  for  marl 
is  a  very  simple  and  cheap  implement.  It  is  made  by  welding  a 
straight  cylindrical  iron  rod,  five-eighths  of  an  inch  in  diameter, 
to  the  stem  of  a  common  screw  auger  of  about  one  and  a  half 
inches  bore.  If  the  auger  has  been  so  much  worn  in  use  as  a  car- 
penter's tool,  as  to  be  unfit  for  that  work,  it  will  serve  well  enough 
for  boring  in  earth.  A  cross-piece  for  a  handle,  also  of  iron,  and 
14  inches  long,  should  be  fitted  to  slide  along  the  stem  (which 
passes  through  a  hole  in  the  handle),  and  small  indentations  are 
made,  two  feet  apart,  on  the  stem,  at  which  the  handle  is  fixed,  at 
any  desired  height,  by  a  small  thumb-screw,  passing  through  one 
side  of  the  handle,  and  the  point  pressing  into  the  indentation  on 
the  stem.  The  lowest  indentation  should  be  4  feet  from  the  lower 
end  of  the  auger,  and  the  others  at  every  2  feet  above.  An 
auger  of  12  feet  length  will  serve  for  all  ordinary  operations, 
and  is  not  too  unhandy  in  use.  But,  it  will  be  more  convenient, 
26* 
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if  much  boring  is  to  be  done,  to  have  two  augers,  of  equal  bore 
(or  the  short  one  something  the  larger),  one  of  8  feet  length,  and 
the  other  14.  The  shorter  will  be  used  first,  and  the  longer  only 
when  more  than  the  depth  of  8  feet  is  required.  The  auger  is  not 
only  useful  to  find  the  upper  surface  of  the  bed  of  marl,  but  also 
to  pierce  the  bed  deeply  enough  to  know  whether  it  is  thick  and 
rich  enough  to  be  worth  the  labour  of  uncovering  and  excavating. 
Not  more  than  about  6  inches  depth  should  be  bored  at  one  tiiae, 
when  the  auger  should  be  drawn  up,  and  the  cutting  part  cleared 
of  the  adhering  eartL  If  more  boring  is  done  at  once  than  the 
auger  can  lift  completely,  the  bored  hole  is  soon  obstructed  by 
loose  earth,  and  the  design  of  the  boring  is  impeded  by  the  greater 
haste  of  the  labour. 

It  is  seldom  that  the  shorter  length  of  8  feet  will  not  be  enough 
for  these  uses  of  a  marl  auger ;  and  the  greater  length  of  12,  or 
at  most  14  feet,  will  be  ample.  But,  if  for  peculiar  circumstances, 
greater  depth  is  required,  additional  pieces,  of  4  feet  each,  may  be 
attached  to  and  so  lengthen  the  stem  of  the  auger.  The  working 
of  so  long  an  auger  is  excessively  inconvenient,  when  it  has  to  be 
drawn  up  so  frequently. 

For  the  suggestion  of  this  very  useful  tool,  I  was  indebted  to 
Dr.  William  J.  Cocke,  who  first  introduced  it ;  and  who,  by  its  aid, 
was  enabled  to  find  and  to  use  extensively  a  very  valuable  bed  of 
marl  under  the  low  and  level  surface  of  his  land  (on  Blackwater, 
in  Sussex),  where  its  presence  had  not  been  reached  or  suspected 
before. 

When  it  is  desired  to  use  an  auger  longer  than  14  feet,  by  at- 
taching one  or  more  extra  joints,  the  great  inconvenience  of  lifting 
and  returning  the  auger  may  be  much  lessened  by  a  simple  con- 
trivance introduced  by  Mr.  William  Carter,  of  Hanover.  This  is 
to  have  a  bench  of  narrow  and  thin  plank,  7  or  8  feet  long,  with 
legs  of  8  or  10  feet.  A  hole  large  enough  for  the  auger  to  turn 
in  "freely  is  in  the  middle  of  the  bench.  As  soon  as  it  is  necessary 
to  attach  another  piece  to  the  stem  of  the  auger,  the  bench  is  set 
over  the  boring,  with  the  hole  immediately  above,  through  which 
the  stem  is  passed.  Thus,  when  the  auger  is  lifted,  it  is  supported 
in  its  perpendicular  position  by  the  bench  above. 

Such  means  as  these,  imperfect  as  they  are,  will  be  found  more 
convenient  and  eff'ective  in  use,  and  much  cheaper,  than  the  heavy 
and  complicated  augers  used  to  search  for  coal. 

When  I  first  began  to  apply  marl,  in  Prince  Greorge  county,  it  had 
attracted  so  little  observation,  even  as  a  matter  of  curiosity  or  singu- 
larity, that  the  deposit  was  supposed  by  the  few  observers  to  be 
limited  to  the  few  places  where  it  was  both  exposed  and  also  mani- 
fest to  the  eye.  These  places  were  indeed  very  few  in  lower  Vir- 
ginia.    For  not  only  was  the  natural  exposure  of  a  section  of  the 
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bed  required,  but  also  that  the  fossil  shells  should  be  sufficiently 
preserved  to  be  recognised  as  such  at  a  glance.  The  most  nume- 
rous, most  extensive,  and  also  the  richest  beds,  exposed  to  the  eye, 
in  some  of  the  steep  and  broken  banks  of  the  rivers,  and  which  are 
now  known 'to  the  most  ignorant  labourer  as  marl,  were  then  not 
distinguished  from  other  earth,  because  the  shelly  matter  was  so 
reduced  as  not  to  be  obvious  to  view. 

But  as  soon  as  the  value  of  these  beds  was  made  known,  disco- 
veries or  observations  of  their  presence  and  accessibility  were  rapidly 
extended.  And  in  advance  of  all  scientific  instruction  (from  which 
the  general  extension  of  any  such  formations  might  have  been'  in- 
ferred), marl  had  been  found  on  thousands  of  farms,  where  its  pre- 
sence had  not  been  known  or  thought  of,  previous  to  my  earliest 
publication  on  this  subject.  Even  in  Prince  George,  and  after  the 
highest  interest  had  been  excited  on  this  subject,  for  some  years 
the  only  known  exposures  of  marl  were  in  either  the  clifis,  or  the 
neighbouring  sloping  borders  of  James  Eiver,  and  in  the  ravines 
of  the  hilly  lands  of  some  streams  emptying  therein.  Since,  besides 
other  places,  under  all  or  nearly  all  the  level  swampy  borders  of 
the  Blackwater  and  its  many  branches,  marl  has  been  found,  at  no 
great  depth,  though  concealed  from  view ;  and  numerous  extensive 
excavations  have  been  made,  and  for  great  improvements.  New 
discoveries  of  marl  are  still  continually  made  in  localities  where  it 
was  not  before  known.  There  can  be  little  question  of  the  general 
fact  that  marl  underlies  nearly  all  the  lands  between  the  sea  coast 
and  the  falls  of  the  rivers,  and  stretching  from  Maryland  to  Florida ; 
and  increasing  in  thickness,  and  generally  in  richness  also,  as  pro- 
ceeding southward.  In  Virginia,  the  workable  thickness  of  marl 
is  not  often  more  than  12  feet ;  and  if  in  some  cases  as  much  as 
25  feet,  it  is  much  oftener  less  than  8  feet.  In  South  Carolina, 
I  ascertained  the  extensive  bed  of  very  rich  marl  to  be  more  than 
300  feet  in  thickness. 

But  generally  extended  as  are  the  marl  deposits  through  lower 
Virginia,  the  overlying  earth  is  most  generally  too  thick  for  the 
economical  working  of  the  marl  below.  Under  most  lands,  the 
marl  is  more  than  thirty  feet  below  the  surface ;  and  even  if  reached 
by  digging,  would  be  covered  by  spring-water,  so  as  greatly  to  in- 
crease the  difficulty  and  expense  of  obtaining  it  from  such  depths. 
Will  these  obstacles  always  debar  the  proprietors  from  the  benefit 
of  this  treasure,  through  more  than  half  the  great  region  under 
which  it  lies,  now  useless  and  concealed?  I  think  not.  Though 
it  would  be  ridiculous  now  to  propose  such  undertakings,  it  will 
at  some  future  time  be  found  profitable  to  descend  to  still  greater 
depths  for  good  marl ;  and  shafts  will  be  sunk,  and  the  water  and 
the  marl  will  both  be  drawn  up  by  machinery  worked  by  horse- 
power or  steam  .engines,  and  the  excavations  conducted  in  the  same 
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manner  as  is  now  done  in  coal  mines.  When  such  means  shall  he 
resorted  to,  it  is  prohahle  that  there  will  be  but  a  small  proportion 
of  all  the  great  tide-water  region  (or  the  region  lying  eastward  of 
the  granite  range),  in  which  marl  may  not  be  found  sufficiently 
accessible  for  profitable  use.  For  example  :  from  a  mile  south  of 
Petersburg,  along  the  line  of  the  railway  to  the  Eoanoke,  no  marl 
had  been  found  either  by  the  excavations  for  the  road,  or  in  the 
much  deeper  wells  dug  long  before  in  the  vicinity  of  the  route. 
The  well  for  the  water-station  nine  miles  from  Petersburg  did  not 
at  all  times  supply  enough  water  for  the  engines,  and  it  was  deter- 
mined to  dig  one  deep  enough  for  that  purpose.  Disregarding  the 
small  veins  of  water  usually  reached  at  less  than  20  feet,  the 
digging  was  sunk  to  50  feet,  when  marl  was  reached.  Its  quality 
at  top  was  rather  poor ;  but  it  became  more  and  more  rich,  as  well 
as  of  firmer  consistence  (though  never  very  hard),  until  the  well 
had  been  sunk  to  80  feet,  without  reaching  the  bottom  of  the 
marl,  or  finding  any  other  vein  of  water.  The  lower  part  of  this 
marl  was  from  eighty  to  ninety  per  cent,  of  carbonate  of  lime,  as  I 
found  by  several  analyses.  It  would  have  served  to  make  good 
lime,  by  burning,  for  cement  or  for  manure,  to  be  transported  to 
a  distance  on  the  railway ;  besides  being  of  more  value  to  be  used 
unprepared  to  enrich  the  nearer  land.  Though  covered  by  fifty 
feet  of  earth,  and  the  excavation  impeded  by  the  water  from  above, 
this  marl  might  have  been  profitably  raised  eighty  feet,  or  as  much 
lower  as  the  bed  may  extend.  And  so  firm  was  its  texture,  that 
the  excavation  might  have  been  safely  enlarged  gradually  as  it  was 
deepened,  as  is  done  in  the  chalk-pits  of  England,  so  as  that  the 
digging  should  form  a  hollow  cone,  communicating  from  its  apex 
by  the  narrower  cylindrical  well  through  the  fifty  feet  of  earth 
above  to  the  surface.  Thus,  though  the  earth  might  have  been 
twice  the  thickness  of  the  marl  below,  the  greater  diameter  of  ex- 
cavation in  the  latter  would  have  furnished  much  the  greater  quan- 
tity of  contents.  Of  this  most  valuable  deposit,  found  in  a  region 
before  supposed  destitute,  and  where  its  transportation  to  a  long 
line  of  destitute  land  was  so  convenient,  no  use  has  been  made, 
except  of  the  quantity  necessarily  drawn  up  in  digging  this  well. 
And  this  means  for  enriching  the  undertaker,  and  fertilizing  a  vast 
extent  of  surface  of  acid  and  poor  land,  will  probably  remain  totally 
neglected  for  the  next  fifty  years.  It  is  most  probable  that  this 
same  thick  and  rich  body  of  marl  may  be  found  at  many  miles' 
distance  on  the  line  of  railroad,  and  indeed  wherever  the  surface 
is  in  the  same  position  relative  to  the  granite  range.  (1842.) 

After  marl  has  been  found,  whether  by  natural  exposure  or  by 
boring,  it  may  still  be  difficult  to  distinguish  it  by  the  eye.  If 
fossil  sea-shells  are  intermixed,  and  enough  preserved  in  form  to  be 
distinguishable,  that  is  certain  proof  that  the  object  sought  has 
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been  found.  But  sometimes,  and  more  usually  in  the  richest  marls, 
the  shells  are  so  reduced  as  to  be  scarcely  (if  at  all)  distinguishable, 
and  the  mass  may  appear  to  the  eye  either  as  a  barren  sand  or  as 
barren  clay  sub-soil,  according  to  its  mechanical  texture,  of  no 
worth  or  interest  whatever.  The  touch  of  muriatic,  or  other  strong 
acid,  to  the  earth,  first  moistened  by  water,  is  the  only  sure  test. 
If  there  is  shelly  matter  (or  carbonate  of  lime)  present,  the  acid 
will  produce  immediate  effervescence  and  discharge  of  carbonic  acid 
gas.  If  there  is  no  such  action,  the  earth  is  not  calcareous,  and 
of  no  value  as  marl  (or  for  calxing),  whatever  it  may  contain  of 
other  fertilizing  ingredients. 

More  than  a  hundred  species  of  sea-shells  are  found  in  the 
beds  of  marl  which  I  have  worked.  Generally  the  shells, 
though  very  fragile,  are  entire,  though  much  broken  by  the  dig- 
ging and  after-operations.  The  white  shells  are  rapidly  reduced, 
after  being  mixed  with  an  acid  soil ;  but  some  gray  kinds,  as 
the  scallop  (^pecteri)  and  the  oyster,  are  so  hard  as  to  be  very  long 
before  they  can  act  as  manure.  Some  beds,  and  they  are  gene- 
rally the  richest,  have  scarcely  any  whole  shells,  but  are  formed 
principally  of  small  broken  fragments.  Of  course  the  value 
of  marl  as  a  manure  depends  in  some  measure  on  which  kinds 
of  shells  are  most  numerous,  and  their  state  of  division,  as 
well  as  upon  the  total  amount  of  the  calcareous  earth  contained. 
The  last  is,  however,  by  far  the  most  important  criterion  of 
value.  The  most  experienced  eye  may  be  much  deceived  in  the 
strength  of  marl ;  and  still  more  gross  and  dangerous  errors 
would  be  made  by  an  inexperienced  marler.  The  strength  of  a 
body  of  marl  often  changes  materially  in  sinking  a  foot  in  depth — 
although  the  same  changes  may  be  expected  to  occur  very  regu- 
larly, in  every  pit  sunk  through  the  same  bed.  The"  annexed 
figure  will  serve  better  to  illustrate  both  these  changes  in  perpen- 
dicular extension  in  a  marl-bed,  and  the  regularity  of  quality  in 
horizontal  extension. 


Such  as  this  is  no  uncommon  character  of  a  bed  of  marl,  and 
such  I  have  worked,  and  could  recognise  the  identity  of  the 
several  layers,  by  their  appearance,  in  different  diggings,  half  a 
mile  or  more  apart.     Thus,  suppose  the  two  ends  of  the  section 
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to  be  at  such  considerable  distance.  The  upper  layer,  a  (say, 
for  example,  finely-rubbed-down  fragments  of  shells,  making  55 
per  cent,  of  the  layer),  may  be  6  feet  thick  at  one  part,  and  only  1 
foot  or  less  at  the  other.  The  next  layer,  h  (indurated  or  stony,  85 
per  cent,  of  carbonate  of  lime),  may  vary  at  the  same  two  distant 
places  from  1  foot  to  3.  The  next,  c  (sandy  and  fine,  20  per 
cent.),  is  4  feet  in  one  digging,  and  runs  out  to  nothing  before 
reaching  the  other.  The  next,  d  (firm,  with  entire  shells,  40  per 
cent.),  is  7  feet  in  the  one  and  but  3  in  the  other  place.  Now  it 
would  require  a  careful  analysis  of  each  of  these  layers  of  different 
qualities,  and  observation  of  their  comparative  thickness,  to  know 
the  average  strength  of  the  whole  section  of  marl  at  one  excava- 
tion. But  these  same  observations  would  usually  serve  for  estimat- 
ing nearly  enough  the  averages  of  the  like  layers  whenever  they 
were  found  and  identified,  by  allowing  for  the  changes  in  thickness 
of  each  layer. 

Whoever  uses  marl  ought  to  know  how  to  analyze  it,  which 
a  little  care  will  enable  any  one  to  do  with  sufiicient  accuracy. 
The  method  described,  at  page  56,  for  ascertaining  the  propor- 
tions of  calcareous  earth  in  soils,  will  of  course  serve  for  the 
same  purpose  with  marl.  But  as  more  particular  and  minute 
directions  maybe  necessary  for  many  persons  who  will  use  this 
manure,  and  who  ought  to  be  able  to  judge  of  its  value,  such 
directions  will  be  here  given,  and  which  any  one  can  follow, 
by  merely  applying  sufficient  attention  and  care.  To  perform 
this  process  will  require  no  other  chemical  tests  than  muriatic 
acid  and  carbonate  of  potash,  and  no  apparatus,  except  correct 
scales  and  weights,  a  glass  funnel,  and  some  blotting  or  very  porous 
printing  paper — all  of  which  may  be  bought  at  any  apothecary's 
shop. 

Directions  for  analyzing  Marl  hy  solution  and  'precipitation. 

1st.  Take  a  lump  of  marl,  fossil  shells,  &c.,  large  enough 
to  furnish  a  fair  sample  of  the  particular  body  under  considera- 
tion— dry  it  perfectly  near  the  fire — pound  the  whole  to  a  coarse 
powder  (in  a  metal  mortar),  and  mix  the  whole  together. 
Take  from  the  mixture  a  small  sample,  which  reduce  to  a  finely- 
divided  state,  and  weigh  of  it  a  certain  portion,  say  50  grains,  for 
trial. 

2d.  To  this  known  quantity,  in  a  glass,  pour  slowly  and  at  dif- 
ferent times  muriatic  acid  diluted  with  three  or  four  times  its  bulk 
of  water  (any  except  lime-stone,  or  hard  water.)  The  acid  will 
dissolve  all  the  lime  in  the  calcareous  earth,  and  let  loose  the  car- 
bonic acid,  with  which  it  was  previously  combined,  in  the  form  of 
gas,  or  air,  which  causes  the  effervescence,  which  so  plainly  marks 
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the  progress  of  such  solution.  The  addition  of  the  muriatic  acid 
must  be  continued  as  long^  as  it  produces  effervescence ;  and  but 
very  little  after  that  effect  has  ceased.  The  mixture  should  be 
well  and  often  stirred,  and  should  have  enough  excess  of  acid  to  be 
sour  after  standing  thirty  or  forty  minutes.  (So  much  of  the  acid 
as  the  lime  combines  with  loses  its  sour  taste,  as  well  as  its  other 
peculiar  qualities.) 

The  mixture  now  consists  of:  1,  the  lime  combined  chemically 
with  muriatic  acid,  forming  muriate  of  lime,  which  is  a  salt,  and 
which  is  dissolved  in  the  water;  2,  a  small  excess  of  muriatic  acid 
mixed  with  the  fluid ;  and  3,  the  sand,  clay,  and  any  other  insolu- 
ble parts  of  the  sample  of  marl.  To  separate  the  solid  from  the 
fluid  and  soluble  parts  is  the  next  step  required. 

3d.  Take  a  piece  of  filtering  or  blotting  paper,  about  six  or  eight 
inches  square  (some  spongy  and  unsized  newspapers  serve  well), 
fold  it  so  as  to  fit  within  a  glass  funnel,  which  will  act  better  if  its 
inner  surface  is  fluted.  Pour  water  flrst  into  the  filter,  so  as  to  see 
whether  it  is  free  from  any  hole  or  defect ;  if  the'  filtering  paper 
operates  well,  throw  out  the  water,  and  pour  into  it  the  whole 
mixture.  The  fluid  will  slowly  pass  through  into  a  glass  under  the 
funnel,  leaving  on  the  filter  all  the  solid  parts,  on  which  water  must 
be  poured  once  or  twice,  so  as  to  wash  out  and  convey  to  the  solu- 
tion every  remaining  particle  of  the  dissolved  lime. 

4th.  The  solid  matter  left,  after  being  thus  washed,  must  be 
taken  out  of  the  funnel  on  the  paper,  and  carefully  and  thoroughly 
dried — then  scraped  off  the  paper  and  weighed.  The  weight,  say 
27  grains,  being  deducted  from  the  original  quantity,  50,  would 
make  the  part  dissolved  (50 — ^27  =23)  46  per  cent,  of  the  whole. 
And  such  may  be  taken  as  very  nearly  the  proportion  of  calcareous 
earth  (or  carbonate  of  lime)  in  the  earth  examined.  But  as  there 
will  necessarily  be  some  loss  in  the  process,  and  every  grain  taken 
from  the  solid  parts  appears  in  the  result  as  a  grain  added  to  the 
carbonate  of  lime,  it  will  be  right  in  such  partial  trials  to  allow 
about  two  per  cent,  for  loss,  which  allowance  will  reduce  the  fore- 
going statement  to  44  per  cent,  of  carbonate  of  lime. 

5th.  But  it  is  not  necessary  to  rely  altogether  on  the  estimate 
obtained  by  subtraction,  as  it  may  be  proved  by  comparison  with 
the  next  step  of  the  process.  Into  the  solution  (and  the  washings) 
which  passed  through  the  filter,  pour  gradually  a  solution  of  car- 
honate  of  potash.  The  fitrst  effect  of  the  alkaline  substance,  thus 
added,  will  be  to  take  up  any  excess  of  muriatic  acid  in  the  fluid — 
and  next,  to  precipitate  the  lime  (now  converted  again  to  carbonate 
of  lime),  in  a  thick  curd-like  form.  When  the  precipitation  is 
ended,  and  the  fluid  retains  a  strong  taste  of  the  carbonate  of 
potash  (showing  it  to  remain  in  excess),  the  whole  must  be  poured 
on  another  filtering  paper,  and  (as  before)  the  solid  matter  left 
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thereon  repeatedly  washed  by  pouring  on  water,  then  dried,  scraped 
off,  and  weighed.  This  will  be  the  actual  proportion  of  the  calca- 
reous part  of  the  sample,  except,  perhaps,  a  loss  of  one  or  two 
grains  in  the  hundred.  The  loss,  therefore,  in  this  part  of  the  pro- 
cess apparently  lessens,  as  the  loss  in  the  earlier  part  increases  the 
statement  of  the  strength  of  the  manure.  The  whole  may  be  sup- 
posed to  stand  then : 

27  grains  of  sand  and  clay  ^ 

21      "      of  carbonate  of  lime  [-  =  50. 

2      "      of  loss  ) 

If  the  loss  be  divided  between  the  carbonate  of  lime  and  the  other 
worthless  parts  of  the  manure,  it  will  make  the  proportion  28  and 
22,  which  will  be  probably  near  the  actual  proportions. 

The  foregoing  method  is  not  the  most  exact,  but  is  suflSciently  so 
for  practical  use.  All  the  errors  to  which  it  is  liable  will  not  much 
affect  the  reported  result — unless  magnesia  is  present,  and  that  is 
not  often  in  manures  of  this  nature.  I  have  never  found  carbo- 
nate of  magnesia  in  any  of  the  deposits  of  fossil  shells  in  Virginia, 
though  it  was  in  many  cases  sought  for.*  If,  however,  any  consi- 
derable proportion  of  carbonate  of  magnesia  should  ever  be  present 
in  marl  tried  by  the  foregoing  method,  it  may  be  suspected  by  the 
effervescence  being  very  slow  compared  to  that  of  carbonate  of 
lime  alone ;  and  the  proportions  of  these  two  earths  may  be  ascer- 
tained as  follows  :  The  magnesia  as  well  as  the  lime  would  be  dis- 
solved by  the  muriatic  acid  (applied  as  above  directed),  but  the 
magnesia  would  not  be  precipitated  with  the  carbonate  of  lime,  but 
would  remain  dissolved  in  the  alkaline  solution,  last  separated  by 
filtering.  If  this  liquor  is  poured  into  a  Florence  flask  and  boiled 
for  a  quarter  of  an  hour,  the  carbonate  of  magnesia  will  fall  to  the 
bottom,  and  may  then  be  separated  by  filtering  and  washing,  and 
its  quantity  ascertained  by  being  dried  and  weighed. — (Davy.) 
This  part  of  the  process  may  be  added  to  the  foregoing,  but  it  will 
very  rarely  be  required. 

If  desired,  the  proportions  of  sand  and  clay  (besides  the  calcare- 
ous parts  of  each)  may  be  ascertained  with  enough  truth  for  prac- 
tical purposes,  by  stirring  well  the  remaining  solid  matter  in  a 

*  Carbonate  of  magnesia  is  known  to  me  only  in  one  case.  This  is  of  a 
peculiar  compound  of  carbonates  of  lime  and  magnesia  Tvith  other  common 
earths,  found  on  Bear  Creek  Island  in  Hanover  county,  above  the  falls  of 
Pamunkey.  I  hare  seen  it  only  in  a  specimen  sent  to  me  fifteen  years  ago, 
and  of  which  analyses  were  made  both  by  Prof.  W.  B.  Rogers  and  myself, 
in  different  modes,  with  like  results.  I  presume  this  earth  must  haTe  been 
found  in  very  small  quantity,  as  I  have  never  heard  of  its  being  used  as 
manure,  nor  indeed  anything  else  about  it. 

Prof.  C.  U.  Shepherd  reports  magnesia  found  by  him  in  some  of  the  rich 
eocene  marls  of  South  Carolina.  I  had  before  sought  for  it  in  vain,  in  many 
other  specimens  of  the  same  general  kind  of  marl. 
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glass  of  water,  and,  after  letting  it  stand  a  minute,  for  the  sand  to 
subside,  pouring  off  the  fluid,  with  the  lighter  and  still  floating  clay, 
into  another_  glass.  The  sand  will  be  left,  and  the  clay  will  be 
poured  off  with  the  water ;  and  each  may  be  collected  on  filtering 
paper,  dried,  and  weighed  separately. 

_  The  proportion  of  carbonate  of  lime  in  marl  may  also  be  conve- 
niently an^  correctly  determined  by  the  diminution  of  weight  from 
the  escape  of  the  carbonic  acid;  the  quantity  of  which  is  always 
in  an  invariable  proportion  to  the  lime  with  which  it  is  combined. 
For  this  purpose,  weigh  (in  a  thin  and  open-mouth  vial)  a  certain 
quantity  (say  200  grains)  of  muriatic  acid.  Then  of  well  dried 
and  powdered  marl,  weigh  half  as  much  (100  grains),  and  then  add 
the  weighed  marl,  very  slowly  and  gradually,  to  the  acid.  After 
all  effervescence  has  ceased,  the  whole  will  fall  short  of  the  original 
weights  (300  grains),  by  that  of  the  carbonic  acid  evolved.  This 
bears  the  fixed  proportion  (very  nearly)  to  the  carbonate  of  lime, 
of  45  parts  in  the  100.  Therefore  for  every  4.5  grains  weight 
lost,  estimate  10  grains  of  carbonate  of  lime  in  the  marl  tried. — 
(Davy.) 

For  want  of  attention  to  the  only  safe  guide,  the  chemical  analy- 
sis of  marl,  gross  errors  are  often  committed,  and  losses  continually 
sustained.  By  relying  on  the  eye  only,  I  have  known  marl,  or 
rather  a  calcareous  sand,  to  be  rejected  as  worthless,  and  thrown 
off  at  considerable  cost  of  labour,  to  uncover  worse  marl  below,  in 
which  whole  shells  were  visible ;  and  on  the  contrary,  earth  has 
been  taken  for  marl,  and  used  as  such,  which  had  no  calcareous 
ingredient  whatever.  The  best  marls  for  profitable  use  are  gene- 
rally such  as  show  the  fewest  whole  shells,  or  even  large  fragments, 
and  would  be  passed  by  unnoticed  in  some  cases,  or  considered 
only  as  barren  sand,  or  equally  worthless  clay.  But  even  if  such 
mistakes  as  these  are  avoided,  every  farmer  using  marl,  without 
analyzing  specimens  frequently  and  accurately,  will  incur  much  loss 
by  applying  it  in  quantities  either  too  great  or  too  small. 

Distant  transportation  of  Marl. 

An  interesting  question  respecting  the  expense  of  this  improve- 
ment is,  to  what  distance  from  the  pit  may  marl  be  profitably 
carried?  If  the  amount  of  labour  necessary  to  carry  it  half 
a  mile  is  known,  it  is  easy  to  calculate  how  much  more  will  be 
required  for  two  or  three  miles.  The  cost  of  teams  and  drivers  is 
in  proportion  to  the  distance  travelled;  but  the  pit  and  field  labours 
are  not  affected  by  that  circumstance.  At  present,  when  so  much 
poor  land,  abundantly  supplied  with  fossil  shells,  may  be  bought  at 
from  two  dollars  to  four  dollars  the  acre,  perhaps  a  farmer  had  bet- 
ter buy  and  marl  a  new  farm,  than  to  move  marl  even  three  miles 
27 
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to  his  land  in  possession.*  But  this  would  be  merely  declining  one 
considerable  profit,  for  the  purpose  of  taking  another  much  greater. 
Whenever  the  value  of  marl  shall  be  properly  understood,  and 
our  lands  are  priced  according  to  their  improvement,  or  their  capa- 
bility of  being  improved  from  that  source,  as  must  be  the  case  here- 
after, then  this  choice  of  advantages  will 'no  longer  be  oflFered. 
Then  rich  marl  will  be  profitably  carted  eight  or  more  miles  from  the 
pits,  and  perhaps  conveyed  by  water  as  far  as  it  may  be  needed.  A 
bushel  of  such  marl  as  the  bed  on  James  river,  described  page  144, 
containing  62  per  cent,  of  carbonate  of  lime,  is  as  rich  in  calca- 
reous earth  alone,  as  a  bushel  of  slaked  lime  will  be  after  it 
becomes  carbonated;  and  the  greater  weight  of  the  first  is  a  less  dis- 
advantage for  water  carriage,  than  the  price  of  the  latter.  Many 
marls,  in  other  places,  are  much  richer  than  this,  and  also  dry,  and 
easy  to  work.  Farmers  on  James  river,  who  have  used  lime  as 
manure  to  great  extent  and  advantage,  might  more  cheaply  have 
moved  rich  marl  forty  miles  by  water,  as  it  would  cost  nothing  but 
the  labour  of  digging  and  transportation.  (1832.) 

Within  the  short  time  that  has  elapsed  since  the  first  publica- 
tion of  the  foregoing  passages  in  the  previous  edition  of  this  essay, 
the  transportation  of  marl  by  water  carriage  has  been  commenced 
on  James  river,  and  has  been  carried  on  with  more  facility  and  at 
less  expense  than  was  anticipated.  The  farmers  who  may  profit  by 
this  new  mode  of  using  marl  will  be  indebted  to  the  enterprise  of 
C.  H.  Minge,  Esq.,  of  Charles  City,  for  having  made  the  first  full 
and  satisfactory  experiment  of  the  business  on  a  large  scale. 
(1835.)  I  induced  this  gentleman  to  undertake  this  operation,  for 
improving  his  farm  in  Charles  City  county  (now  known  as  Sher- 
wood Forest,  and  the  property  and  residence  of  President  Tyler), 
not  only  by  advice,  but  by  offering  to  him  the  gratuitous  use  of  my 
marl  on  Coggins  Point.  His  operations  were  continued  through 
two  years.  His  example  was  subsequently  followed  by  some  other 
farmers  to  less  extent,  and  at  much  greater  cost,  as  they  hired  the 
freighting,  though  obtaining  the  marl  from  me,  in  the  bed,  without 

*  This  statement  of  priofes,  though  correct  when  first  published  (in  1832), 
13  no  longer  so.  Some  little  land  may  yet  be  so  low;  but,  in  general,  the 
prices  of  lands  having  marl  have  already  advanced  from  50  to  100  per  cent, 
within  fifteen  years  (1842).  The  lowest  of  the  above-named  prices  was  much 
above  the  former  minimum  rate.  The  various  tracts  of  land  in  James  City 
county,  belonging  to  Mrs.  Paradise's  large  estate,  when  sold  some  12  or  14 
years  ago,  brought  prices  that  averaged  only  about  $1.25  the  acre.  Most 
of  the  lands  were  poor,  but  easily  improvable,  and  all  having  plenty  of  rich 
marl.  One  of  the  tracts  of  that  description,  of  800  acres,  was  bought  at 
75  cents  the  acre ;  and  after  being  held  for  three  or  four  years,  without 
being  in  any  respect  improved,  was  re-sold  by  the  purchaser  for  $2.50  the 
acre.  Where  marl  has  been  actually  applied,  the  increased  intrinsic  or 
productive  value  of  the  land  always  considerably  exceeds  the  increased 
market  price,  even  though  the  latter  may  be  already  doubled  or  tripled. 
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charge.  Since,  the  busmess  Las  greatly  increased,  and  is  now  car- 
ried on  by  many  flat-bottomed  vessels  (or  lighters,  decked  and 
rigged),  from  other  places  on  James  river,  as  a  regular  and  con- 
tinuous business.  But  still  the  business  is  badly  conducted  in 
general,  and  therefore  is  much  more  costly  than  it  would  be  under 
better  and  proper  direction.  Farmers  are  averse  to  being  engaged 
in  the  management  of  vessels,  or  any  other  business  away  from 
their  farms,  and  therefore  they  have  always  preferred  to  buy  the 
marl  from  vessels,  even  at  higher  prices,  rather  than  to  have  it  dug 
by  their  own  labourers  and  transported  in  their  own  vessels.  And 
this  division  of  labour  would  be  right  in  all  respects,  if  the  owners 
of  the  river  lighters  were  better  managers  of  their  business,  and 
their  hands  were  industrious  and  sober.  For  rich  marl  thus  ob- 
tained and  transported,  the  prices  at  the  purchasers'  landings  have 
usually  been  from  4  to  5  cents  the  heaped  bushel.  And  at  these 
high  prices,  the  lazy  and  worthless  and  illy  provided  navigators 
have  rarely  realized  any  profit.  The  highest  price  charged  for  marl, 
in  beds  on  the  river  banks,  is  a  half  cent  the  bushel.  Under  ex- 
isting circumstances,  the  cheapest  and  best  mode  of  obtaining 
water-borne  marl  is  for  the  farmer  to  also  carry  on  the  digging  and 
the  navigating.  And  if  the  several  operations  were  properly  con- 
ducted, the  entire  expense  of  water-borne  marl,  say  10  to  30  miles, 
will  rarely  exceed  3  cents  the  bushel  when  landed,  and  under 
favourable  circumstances  may  fall  short  of  2  cents.  Collier  H. 
Minge,  Esq.,  and  Gen.  Oorbin  Braxton,  of  King  William  county, 
who  have  carried  on  this  business  extensively,  and  for  years  in  suc- 
cession, for  marling  their  own  farms,  have  furnished  me  with  careful 
and  detailed  estimates  of  their  expenses,  which  have  been  published 
at  length  in  the  Farmer's  Eegister  (p.  567,  vol.  i.,  and  p.  691,  vol. 
viii.).  According  to  the  estimate  of  Mr.  Minge,  the  entire  cost  of 
thus  procuring  marl,  carried  15  miles  on  the  broad  water  of  James 
river,  amounted  to  less  than  2  cents  the  heaped  bushel  when  landed. 
And  Gen.  Braxton's  total  expense,  the  transportion  being  for  eight 
miles  on  the  narrow  and  smooth  Pamunkey,  was  but  little  more 
than  half  a  cent  the  bushel,  placed  at  his  landing.  No  charge  was 
made  for  the  marl  in  either  case,  but  every  other  charge  or  expense 
was  included.  The  labour  and  difficulties  on  James  river,  both 
of  uncovering  and  digging  the  marl  (at  Coggins  Point)  and  un- 
loading (on  a  shallow  creek)  were  unusually  great;  and  on  the 
Pamunkey  these  labours  were  very  light.  A  vessel  and  also  a 
mode  of  loading,  which  would  be  safe  in  strong  winds,  were  neces- 
sary on  James  river ;  while  no  such  danger  had  to  be  feared,  or 
was  guarded  against,  on  the  well-sheltered  Pamunkey  river.  So 
much  of  the  business,  in  both  these  cases,  as  was  conducted  from 
home,  necessarily  was  wanting  of  proper  superintendence ;  and,  no 
doubt,  both  of  these  undertakings  suffered  for  that  important  de- 
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ficiencyj  as  in  all  cases  where  labour  is  on  a  small  scale  of  opera- 
tions, and  more  especially  when  slave  labour  is  employed.* 

Another  source  for  obtaining  calcareous  manures  has  been  opened 
to  the  farmers  of  lower  Virginia,  which  they  think  cheaper  than  either 
transporting  marl  or  burning  shells,  and  they  are  availing  themselves 
of  it  to  great  extent.  This  is  northern  stone-lime,  which  is  brought 
in  bulk,  ready  slaked,  and  sold  by  the  vessel-load  at  prices  varying 
from  8  to  10  cents  the  bushel.  Slaked  lime,  even  if  pure,  from 
its  extreme  lightness,  cannot  be  as  much  to  the  bushel  as  rich 
marl  contains  of  pure  lime,  even  though  the  marl  may  have  30 
per  cent,  of  other  earths.  Therefore  the  lime  is  much  the  most 
costly,  as  marl  may  be  procured  and  transported  at  from  3  to  5 
cents  the  bushel.  Still,  the  lime  is  so  much  more  readily  obtained 
in  large  quantities,  and  a  farm  can  by  that  means  be  so  much  more 
speedily  covered,  that  the  purchase  of  lime  is  often  the  more  de- 
sirable and  also  the  more  profitable  operation  of  the  two.  (1842.) 

In  making  this  improvement,  more  than  in  any  other  business, 
"time  is  money."  Marling  is  usually  eiFected  by  the  farmer's 
labour,  whereas  the  expense  of  liming  is  mostly  in  the  purchase. 
By  the  use  of  water-borne  marl,  few  farmers  could  dress  a  fourth 
of  their  tillage  field  in  a  year,  whereas  by  purchasing  lime  the 
whole  field  might  be  limed,  and  the  whole  farm  covered  in  one- 
fourth  of  the  time  required  for  marling.  If  then  the  lime  were 
even  thrice  the  cost  of  marl  (for  equal  quantities  of  pure  lime),  it 
would  still  be  the  cheapest  mode  of  improvement,  because  yielding 
its  products  in  one-fourth  of  the  time  required  for  marling.  The 
difference  of  amount  of  net  product  in  the  first  crop,  between  an 
acre  marled  or  limed,  and  another  acre  not  so  improved,  would 
usually  pay  the  cost  of  marling  or  liming  the  acre.  Therefore,  on 
every  acre  cultivated  by  any  farmer,  and  not  marled  or  limed  until 

*  Since  1843,  the  water-carriage  of  marl  on  James  riyer  has  greatly  in- 
creased. About  ten  decked  and  rigged  flat-bottomed  vessels  have  generally 
been  employed  in  carrying  marl  from  what  may  be  considered  one  locality, 
in  the  neighbourhood  of  my  former  residence,  in  Prince  George  county, 
though  on  the  close  adjacent  lands  of  three  proprietors.  Half  a  cent  the 
bushel  is  paid  for  the  marl  in  its  bed.  For  the  labour  and  expense  of 
removing  the  overlay  of  earth,  digging  the  marl  and  carrying  it  on  board, 
and  conveying  to  distances  from  15  to  40  miles,  the  carriers  charge  from 
3  J  to  4  cents — making  the  total  cost  at  the  buyer's  landing  place  from  4  to 
4|  cents.  A  still  larger  business  has  been  at  the  same  time  carried  on  in 
bringing  slaked  stone-lime,  in  sea  vessels,  to  James  river,  from  the  kilns 
on  the  Schuylkill  and  Hudson,  and  elsewhere  in  the  Northern  States.  This 
lime  has  latterly  been  sold  as  low  as  7  cents  the  bushel,  usually,  and  in  some 
cases  still  lower.  The  principal  demand  for  and  use  of  both  the  water- 
borne  marl  and  lime  is  on  the  lands  of  Charles  City  county,  where  marl  is 
not  found  on  any  of  the  river  lands,  and  in  but  few  oases  near  to  the 
river.  (1849.)  The  Schuylkill  lime  contains  about  35  per  cent,  of  mag- 
nesia.    The  New- York  lime  contains  much  silex. 
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after  making  the  crop,  there  is  as  much  loss  of  crop  suffered  by 
the  delay,  as  would  have  paid  for  making  the  improvement. 

The  objections  to  carrying  marl  unusual  distances,  admitted 
above,  apply  merely  to  improvements  proposed  for  field  culture. 
But  it  would  be  profitable,  even  under  existing  circumstances, 
for  rich  marl  to  be  carried  10  miles  by  land,  or  200  miles  by 
water,  for  the  purpose  of  being  applied  to  gardens,  or  other  land 
kept  under  perpetual  tillage,  and  receiving  frequent  and  heavy 
coverings  of  putrescent  manure.  In  such  cases,  independent  of 
the  direct  benefit  which  the  calcareous  earth  might  afford  to  the 
crops,  its  power  of  combining  with  putrescent  matters,  and  pre- 
venting their  waste,  would  be  of  the  utmost  importance.  If  the 
soil  is  acid,  the  making  it  calcareous  will  enable  half  the  usual 
supplies  of  manure  to  be  more  effective  and  durable  than  the  whole 
had  been.  There  are  other  uses  for  marl,  about  dwelling-houses 
and  in  towns,  which  should  induce  its  being  carried  much  farther 
than  mere  agricultural  purposes  would  warrant.  I  allude  to  the 
use  of  calcareous  earth  in  preserving  putrescent  matters,  and 
thereby  promoting  cleanliness  and  health  ;  which  subject  has  been 
already  discussed. 

Either  lime  or  good  marl  may  hereafter  be  profitably  distributed 
over  a  remote  strip  of  poor  land,  by  means  of  the  railroad  now 
constructing  from  Petersburg  to  the  Eoanoke  [1831];  provided 
the  proprietors  do  not  imitate  the  over  greedy  policy  of  the  legis- 
lature of  Virginia  in  imposing  tolls  on  manures  passing  through 
the  James  River  canal.  If  there  were  no  object  whatever  in  view 
but  to  draw  the  greatest  possible  income  from  tolls  on  canals  and 
roads,  true  policy  would  direct  that  all  manures  should  pass  from 
town  to  country  toll  free.  Every  bushel  of  lime,  marl,  or  gypsum 
thus  conveyed,  would  be  the  means  of  bringing  back,  in  future 
time,  more  than  as  much  wheat  or  com ;  and  there  would  be  an 
actual  gain  in  tolls,  besides  the  twenty-fold  greater  increase  to  the 
wealth  of  individuals  and  the  state. 
27* 
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ESTIMATES  OF  THE  COST  OF  LABOUR  APPLIED  TO  MARLING. 

Before  we  can  estimate  with  any  precision  the  expense  of  im- 
proving land  by  marling,  it  is  necessary  to  fix  the  fair  cost  of  every 
kind  of  labour  necessary  for  the  purpose,  and  for  a  length  of  time 
not  less  than  one  year.  We  very  often  hear  guesses  of  how  much 
a  day's  labour  of  a  man,  a  horse,  or  a  wagon  and  team,  may  be 
worth ;  and  all  are  wide  of  the  truth,  because  they  are  made  on 
wrong  premises,  or  no  premises  whatever.  The  only  correct  method 
is  to  reduce  every  kind  of  labour  to  its  elements,  and  to  fix  the 
cost  of  every  particular  necessary  to  furnish  it.  This  I  shall  at- 
tempt ;  and  if  my  estimates  are  erroneous  in  any  particular,  other 
Ijersons  better  informed  may  easily  correct  my  calculation  in  that 
respect,  and  make  the  necessary  allowance  on  the  final  amount. 
Thus,  even  my  mistakes  in  the  grounds  of  these  estimates  wiU  not 
prevent  true  and  useful  results  being  derived  from  them. 

The  following  estimates  of  the  cost  of  labour  were  first  prepared 
in  1828,  according  to  the  actual  prices  of  that  year,  and  so  appeared 
in  the  three  preceding  editions  of  this  essay.  The  lapse  of  time  and 
changes  of  average  prices  of  some  of  the  elements  of  cost  required 
correction  of  some  of  the  particulars.  The  corrected  estimates  now 
submitted  are  not  (as  before)  of  the  actual  prices  of  any  one  parti- 
cular year,  but  the  supposed  average  prices  of  a  number  of  years, 
to  the  end  of  the  year  1846.  In  making  the  necessary  corrections 
for  this  purpose,  some  of  the  original  charges  were  deemed  too 
high  for  the  average  statement  desired,  and  others  of  larger  amount 
were  too  low.  The  difference  is  small  (making  less  than  3  per  cent, 
of  general  increase),  but  has  so  far  served  to  raise,  on  the  whole,  the 
estimated  costs  of  marling. 

But  no  such  estimates  (even  if  at  any  one  time  correct  in  the 
premises  of  prices  assumed)  can  more  than  approach  to  accuracy 
for  any  average  of  extended  time,  and  still  less  for  any  particular 
subsequent  year,  owing  to  the  great  and  irregular  fluctuations  of 
prices.  Therefore,  neither  these  nor  any  other  estimates  of  costs 
can  be  relied  on  to  show  the  expense  of  labour  always,  or  even 
generally.  But  these  may  at  least  supply  a  convenient  form  and 
rule  for  the  true  mode  of  estimating  such  values;  and  every  person 
may  easily  change  the  particular  charges  as  required  to  suit  other 
circumstances.  Thus,  even  if  other  times  and  circumstances  should 
require  changes  of  price  of  every  element  of  labour,  the  form  of 

(318) 
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these  estimates  will  still  serve  greatly  to  facilitate  such  alterations 
and  new  calculations,  and  serve  better  to  secure  the  accuracy  of 
the  general  results.* 

Average  prices  of  different  elements  of  labour,  applied  to  Marling 
operations. 
For  a  negro  man — 
Hire  for  the  year,  payable  at  the  end       .         .         .  $50  00 

Food — 19}  bushels  of  Indian  corn,  at  45  cents       $8  77}  " 
Add  10  per  cent,  for  loss  in  keeping  88 

130  lbs.  bacon,  at  7  cents  .         .  9  10 


Interest  on  $18.75}  for  a  year 

Clothing — 6  yards  of  strong  woollen  cloth,  at 
50  cents  .... 

13  yards  of  cotton,  for  shirts  and  sum- 
mer clothes,  at  10 

Woollen  hat  50  cents,  blanket  $1.30, 
each  once  in  two  years,  is  yearly 

Shoes  and  mending    .... 


19  88 


7  20 


Taxes — State,  47  cents,  county  and  poor,  80, 
labour  on  public  road,  suppose  two 

days,  68  cents, 1  95 

For  nursing  when  sick  (exclusive  of  medical  aid  and 
medicines),-  and  share  of  expenses  for  quarters,  fuel, 
and  sending  to  mill 6  00 

$85  03 
Add  to  this  amount,  10  per  cent,  for  superintendence  8  50 

Total  expenses  per  year,         ....         $93  53 

*  As  stated  above,  these  estimates  were  designed  to  suit  the  average 
prices  of  a  series  of  years  preceding  and  including  1846.  But  since  they 
were  prepared,  owing  to  temporary  causes,  the  prices  of  both  hand  and 
mule  labour  have  greatly  advanced.  Therefore,  if  any  person  designed 
to  begin  a  job  of  mSirling  now,  and  had  to  incur  for  that  purpose  the  recent 
and  still  continuing  high  prices  of  mules  and  of  hire  of  hands,  the  actual 
advances  on  each  of  these  particular  expenses  only  should  be  added  to  the 
general  costs  as  here  estimated.  But,  in  fact,  very  few  of  our  farmers 
have  to  buy  or  to  hire  more  than  a  small  proportion  of  the  force,  if  any,  that 
they  apply  to  marling.  Most  landholders  own  enough,  or  nearly  enough 
labouring  force,  and  had  before  kept  it  at  less  profitable  employments,  to 
carry  on  marling  in  addition.  This  is  known  to  be  the  case  with  nine  in  ten 
of  such  operations.  And  so  far  as  a  farmer  had  been  before  the  owner  of 
the  labouring  force  he  will  devote  to  marling,  and  would  have  kept  it, 
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Time  lost — Sundays  and  usual  holidays,  58  days. 

Bad  weather  and  half  holidays,  and 
sickness,  suppose         -        -        30 

Making  in  all        .         .         .         .         88 

Deducting  88  lost  days  from  365  leaves  for  working  days 
277,  and  makes  the  cost  of  each  day  ($93.53-)-277  =) 
not  quite,         .......         cents  34 

A  hoy  of  13  or  14  years,  might  hire  for  ?25  00 

Food  and  clothing,  two-thirds  as  much  as  a  man's        18  12 
Taxes  (county  and  poor  only)  80c.,  nursing,  fuel, 

&c.,  &c.,  $4 4  80 

U7  92 
10  per  cent,  for  superintendence  .        .        4  80 


Total  yearly  expense  $52  72 

And  daily,  for  277  working  days,  not  quite,  cents  19J 

Women  and  girls  over  13  years,  may  be  averaged  at  the  same 
expense,  though  worth  less  for  labour. 

According  to  the  established  custom,  all  the  expenses  of  medical 
attendance,  and  loss  of  time  from  the  death  of  a  slave  occurring 
when  he  is  hired,  are  paid,  or  deducted  from  the  hire,  by  the 
owner,  and  therefore  are  omitted  in  this  estimate.  By  supposing 
the  slave  to  be  hired  by  his  employer,  instead  of  being  owned,  the 
calculation  is  made  more  simple,  and  therefore  more  correct.  Yet 
it  is  well  known  that  the  labour  of  slaves  owned  by  their  employer 
is  much  more  profitable,  and  therefore  should  be  •  estimated  as 
cheaper,  than  the  labour  of  actual  hirelings. 
A  work-horse.     First  cost  in  buying,  at  five  years  old,  say  f75 — 

supposed  to"  last  six  years,  makes  the  annual  wear  §12  50 

Interest  for  one  year  on  $75,  and  tax,  12  J  cents  4  62  J 

96  bushels  of  corn  (2  J  gallons  for  working  days,  and 

2  gallons  when  idle)  at  45  cents,  and  3500  lbs.  of  hay 

or  fodder  at  50  cents  the  100  lbs.     -  $60  70 

Add  10  per  cent,  for  expense  and  loss  in 

keeping  6  07 

66  77 


Interest  on  $66  77  for  one  year      -  -  4  00} 


Total  yearly  cost,  $87 


■whether  going  to  marling  or  not,  it  is  manifest  that  he  is  not  affected  by 
any  temporary  fluctuations  of  prices  of  labour.  Xhe  prices  which  will  be 
here  stated  as  fair  averages  may  fall  or  rise  to  any  extent  for  a  year  or  two, 
without  lessening  or  increasing  the  expenses  of  a  proprietor  who  neither 
hired,  bought,  nor  sold  labouring  force  during  thrfi  time  (1852). 
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Lost  time,  suppose  98  days,  leaves  267  working  days,  at  nearly 
33  cents,  cost  for  each. 

A  mule,  young,  and  of  better  than  ordinary  or  average  ability, 
usually  may  be  bought  for  less  price  than  a  young  horse.  A  mule 
may  be  kept  at  work  on  much  less  grain  than  is  necessary  for  a 
horse,  and  with  coarser  and  cheaper  long  forage.  The  mule  is  also 
more  long-lived.  All  these  considerations  will  make  the  cost  of  a 
mule's  labour,  less  than  that  of  a  horse  by  at  least  one-fifth ;  which 
being  deducted,  leaves,  (33—6.30  =)  26f  cents  for  the  cost  of  each 
working  day. 

A  light  iumhrel  or  tilting  cart,  for  one  horse  or  mule,  may  be 
bought  for  $25.  Suppose  it  to  last  at  marling  (and  other  uses)  for 
four  years  without  repair ;  or  that  at  the  end  of  that  time  it  would 
be  worth  as  much  only  aa  all  the  previous  cost  of  repairs.  Then 
the  annual  cost  of  "  wear  and  tear"  would  be  one-fourth  of  the  first 
cost  ($6  25)  and  the  interest  on  $25,  or  $1.50,  or  annually, 
$7.75 ;  and  daily  (say  for  190  days)  4  centk 

A  tumbrel  for  two  mules  will  cost  $34,  and  will  last  at  least  five 
years  marling,  with  but  slight  repairs.  Suppose  the  cart  at  that 
time  to  be  worth  the  previous  cost  of  all  repairs,  the  annual  cost 
will  be  one-fifth  of  $8*Jand  of  its  interest  $2.04,  making  ($34  -H 
5  =:  $6.80+$2.04  =)  $8.84  for  the  yearly  cost,  and  daily  for  190 
days,  nearly  5  cents. 

Harness  for  each  horse  or  mule,  annual  average  cost  may  be 
supposed  $4,  and  daily  for  267  days  in  use.  If  cents. 

Of  the  utensils  used  for  uncovering,  digging,  loading,  and  spread- 
ing marl,  as  a  scraper  (used  very  rarely),  grubbing  hoes,  picks  and 
shovels,  the  cost  of  use  and  wear,  supposed  to  be  fully  covered  by 
3  cents  the  100  bushels  of  marl  put  out  and  spread. 

In  the  estimate  of  the  cost  of  horse  labour,  no  charge  is  made 
for  attendance,  because  that  is  part  of  the  labour  of  the  driver,  and 
forms  part  of  his  expense.  No  charge  is  made  for  grazing,  because 
enough  corn  and  hay  are  allowed  for  every  day  in  the  year ;  and 
when  grass  is  part  of  his  food,  more  than  as  much  in  value  is  saved 
in  his  dry  food.  No  charge  is  made  for  stable  or  litter,  as  the  ma- 
nure made  is  supposed  to  cornpensate  those  expenses. 

It  may  be  supposed  that  the  prices  fixed  for  com,  and  fodd^  or 
hay,  are  too  low  for  an  average.  Such  is  not  my  opinion.  The 
price  is  fixed  at  the  beginning  of  the  year,  when  it  is  always  com- 
paratively low,  because  it  is  too  soon  for  purchasers  to  keep  shelled 
corn  in  bulk,  and  the  market  is  glutted.  Besides,  the  allowance 
for  waste  during  the  year's  use  (10  per  cent.)  makes  the  actual 
price,  equal  to  49  J  cents  the  bushel  for  corn,  and  55  cents  the 
hundred  for  hay  on  July  1st.  The  nominal  country  price  of  corn 
in  January  is  almost  always  on  credit ;  and  small  debts  for  corn 
are  the  latest  and  worst  paid  of  all.    The  farmer  who  can  consume 
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any  additional  portion  of  his  crop,  in  employing  profitable  labour, 
becomes  his  own  best  customer.  The  corn  supposed  to  be  used, 
by  these  estimates,  is  transferred  on  the  1st  of  January,  without 
even  the  trouble  of  shelling  or  measuring,  from  A.  B.  corn-seller, 
to  A.  B.  marler,  and  instantly  paid  for.  Forty-five  cents  the 
bushel,  at  that  early  time,  and  obtained  with  as  little  trouble,  from 
any  purchaser,  would  be  a  better  regular  sale  than  the  general 
average  of  prices  and  payments. 

The  estimates  of  labour  applied  to  particular  marling  operations. 

According  to  such  estimates  as  the  foregoing  of  the  elements  of 
labour,  or  as  corrected  in  any  particulars  which  may  be  deemed 
wanting,  the  expenses  of  marling  operations  ought  to  be  estimated. 
And  if  conducted  with  proper  attention  and  judgment,  it  will  be 
found  that,  in  the  majority  of  cases  in  lower  Virginia,  the  total  cost 
of  applying  marl,  on  farms  furnishing  the  marl,  would  not  exceed 
one  cent  the  bushel.  In  many  other  cases,  of  very  favourable  cir- 
cumstances, half  a  cent  the  bushel  would  cover  all  the  expenses. 
In  but  very  few  cases  of  any  known  actual  operations,  and  of  rare 
and  great  difficulties  to  encounter,  ought  the  total  cost  to  have 
reached  2  cents.  Yet  even  if  amounting  to  6  cents  (for  rich  marl), 
there  would  still  be  great  profit  on  the  outlay ;  which  is  sufficiently 
proved  by  the  great  and  increasing  recent  use  of  water-borne  marl, 
which  is  sold  at  4  and  5  cents  the  bushel,  delivered  at  the  buyer's 
landing,  and  which  is  further  increased,  for  the  carting  to  and 
spreading  on  the  field. 

In  my  own  long-continued  and  extensive  marling  labours,  over 
nearly  all  the  arable  land  of  three  several  farms  in  succession,  I 
have  but  in  few  cases,  and  those  of  small  extent,  had  very  easy 
work.  Nearly  all  my  marling  has  been  of  more  than  ordinary 
difficulty,  owing  to  the  natural  features  of  the  land,  and  the  posi- 
tion and  character  of  the  marl ;  besides  the  other  early  and  great 
difficulties  always  attending  the  first  beginnings  of  new  operations, 
without  experience  or  other  guidance.  Yet,  throughout  all  my 
marlings  (now  extended  to  some  1500  acres,  at  more  than  the 
general  average  rate  of  400  bushels),  the  average  of  the  whole  ex- 
penses ought  not  (as  I  would  now  conduct  such)  to  have  exceeded 
one  cent  the  bushel,  spread  on  the  field. 

Such  general  opinions  and  statements,  however,  will  be  much 
less  satisfactory  than  statements  of  actual  labours  and  the  actual 
costs.  I  know  of  no  such  estimates  of  the  easier  and  cheaper 
marlings — which  indeed  are  so  easy  and  cheap  that  no  one  would 
care  to  calculate  the  cost.  None  of  my  cheapest  operations  were 
extensive  enough  to  furnish  subjects  for  fair  estimates.  For,  unless 
the  labours,  especially  of  the  teams,  are  continued  nearly  regularly 
for  some  months,  the  accuracy  of  the  estimates  of  cost  may  well  be 
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doubted.  _  It  is  necessary  for  the  labours  to  be  continued  through 
enough  time  to  test  the  ability  of  the  teams  to  perform  them,  and 
still  keep  in  good  condition. 

At  different  periods,  and  under  varying  difficulties  and  circum- 
stances, I  have  carefully  estimated  the  expenses  of  four  considera- 
ble jobs  of  marling,  each  of  which  was  but  a  portion  of  the  usual, 
and  as  heavy  labours  of  the  teams,  extending  much  beyond  the 
portions  of  time  and  labour  particularly  estimated.  And  all  the 
four  operations,  in  greater  or  less  degree,  were  attended  with  more 
natural  obstacles  and  difficulties  than  are  generally  to  be  encoun- 
tered on  other  farms.  I  will  describe  in  general  the  circumstances, 
facilities,  and  difficulties  of  each  of  these  jobs,  and  give  the  results 
of  the  estimates  of  costs.  The  details  of  the  operations,  though 
carefully  noted,  and  some  of  the  earlier  of  them  before  published, 
in  the  preceding  editions,  will  be  omitted  here,  except  as  to  a  more 
recent  and  much  the  largest  operation,  of  which  the  facts  were 
observed  so  minutely,  that  they  are  deemed  worth  reporting  in  de- 
tail ;  and  which  will  be  so  reported  in  a  subsequent  chapter. 

The  labours  and  expenses  of  marling  come  under  the  following 
four  different  heads:  1.  Eemoving  the  overlay  of  earth;  2.  Dig- 
ging the  marl  and  shovelling  it  into  carts;  8.  The  carting  to 
the  field ;  and  .4.  The  spreading.  It  rarely  happens  that  all  these 
different  operations  are  very  easy — which  would  constitute  the 
cheapest  possible  marling;  and  if  all  were  very  difficult,  the  whole 
would  be  (or  at  least  so  deemed  by  most  persons)  too  costly  to  ,be 
compensated  by  the  eventual  improvement.  It  usually  happens 
that  the  unusual  facilities  for  some  of  these  particular  labours  serve 
to  compensate  in  some  measure  the  obstacles  presented  in  others. 

The  first  job  estimated  was  attended  with  such  uncommon  dis- 
advantages that  it  may  be  deemed  a  failure,  or  as  mostly  lost 
labour,  and  therefore  not  a  fair  subject  for  estimating  costs.  But 
as  the  operations  had  been  carefully  noted,  and  as  this  work  imme- 
diately preceded,  without  any  intermission,  the  second  job,  I  will 
state  the  first  also. 

The  two  operations  were  but  a  small  part  of  the  excavation  and 
removal  of  a  very  large  quantity  of  marl  from  this  locality,  enough 
perhaps  for  200  acres ;  of  which  the  portions  estimated  were  among 
the  latest  executed;  and  the  most  expensive,  because  of  the  then 
much  increased  thickness  of  the  overlying  earth. 

The  marl  "cropped  out,"  or  was  exposed  at  the  surface  of  a 
steep  hill-side  (in  large  forest  growth).  The  upper  6  feet  of  the 
marl  was  dry  and  firm,  but  easy  enough  to  dig ;  the  shelly  portion 
in  small  fragments,  and  amounting  to  45  per  cent,  of  the  mass. 
Below  6  feet,  it  was  much  poorer  (not  20  per  cent.),  and  was  not 
used,  except  for  very  short  distances. 

I.  The  excavations  for  the  first  job,  as  usual  on  hill-side  expo- 
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sures,  was  carried  on  by  first  cutting  down  the  exposed  and  nearly 
naked  marl,  wHch  required  but  little  labour  for  uncovering.  The 
next  succeeding  stretch  reaching  higher  up  the  hill,  had  perhaps 
as  much  overlying  earth  as  of  good  marl  beneath.  The  next  had 
much  more  overlay ;  and  indeed  it  was  not  worth  uncovering  so 
deeply,  when  other  places  could  be  more  cheaply  worked.  This 
last  stretch  formed  the  subject  of  the  first  estimate.  In  reference 
to  the  four  divisions  of  the  labour  and  expenses — 

1.  The  removing  of  the  overlay  of  earth  was  here  unusually 
heavy,  compared  to  the  thickness  of  the  marl,  rising  to  16  feet 
where  thickest,  and  averaged  11  to  12.  2.  The  digging  and  load- 
ing, and  also  the  spreading,  were  very  easy.  3.  The  carriage  easy 
as  to  distance  (997  yards  average  from  pit  to  field),  but  bad  in 
having  a  hill  to  rise  of  about  40  feet  perpendicular  height,  and 
also  a  valley  to  cross,  of  about  30  perpendicular  depth. 

One-fourth  of  the  uncovered  marl  was  lost  by  the  falling  in  of 
a  large  body  of  earth  from  above;  so  that  only  4 J  feet  of  marl 
was  actually  carried  out,  thus  increasing  the  before  heavy  cost  of 
the  uncovering,  for  the  quantity  of  marl  saved. 

Under  these  circumstances,  the  total  costs,  obtained  by  noting 
every  day's  work,  and  its  elements,  and  at  the  foregoing  prices 
(omitting  the  details),  were  as  follows : — 
Expense  of  removing  overlay  of  earth  (11  to  12  feet  thick 

on  an  average)  .......    $24  70 

Digging,  loading,  and  carting  marl  (3844  heaped  bushels)  26  18 
Spreading,  at  50  cents  the  500  bushels    .         .         .         .        3  84 


Total,  $54  72 

Which  makes  the  cost  per  100  bushels,  $1.42 ;  and  per  acre,  as 
applied,  at  572  bushels,  $8.12;  or  if  for  300  bushels,  $1.26. 

The  quantity  actually  applied  was  much  too  heavy;  and  by  the 
excess  increased,  by  one-third,  the  otherwise  heavy  expense.     The 
thickness-  of  the  dressing,  however,  made  the  spreading'  cheaper 
for  the  quantity,  the  heaps  being  so  much  the  closer  to  each  other. 
II.  The  second  job  followed  on  immediately,  but  on  the  opposite 
slope  (across  the  narrow  ravine),  where  the  overlay  was  8  J  to  9 
feet  average  depth,  and  all  the  6  feet  of  good  marl  was  used.    The 
average  distance  from  pit  to  field  (over  the  same  hilly  road),  was 
887  yards.     The  marl  being  precisely  as  in  the  first  job,  the  facili- 
ties for  digging,  loading,  and  spreading  were  the  same.     But  the 
loads  (for  a  single  horse  or  mule-cart),  which  before  were  5  J  heaped 
bushels,  were  now  5f — the  marl  weighing  101  lbs. 

Removing  overlay         ......        $14  15 

Digging  and  carting  marl  (4036  bushels)        .         .  20  75 

Spreading,  at  50  cents  the  500  bushels    .         .         .  4  36 

Total,  $39  26 
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Which  makes  the  cost,  per  hundred  bushels,  97i  cents ;  or,  per 
acre,  as  applied,  at  598  bushels,  $5.81  J  j  or,  if  at  300  bushels, 
which  would  have  been  an  abundant  first  dressing,  $2.91i  per  acre. 
These  two  jobs  extended,  without  interruption,  except  from  bad 
weather  or  accidehts  to  carts,  from  April  20th  to  May  31st,  1824. 
Two  ordinary  horses  and  a  very  good  mule  were  worked  in  light  sin- 
gle carts.  The  best  of  the  two  horses  was  seventeen  years  old.  The 
two  had  been  kept  at  hauling  marl,  whenever  weather  permitted, 
from  the  beginning  of  the  preceding  November ;  and,  indeed,  the 
same  two  horses  had  carried  out  nearly  all  the  marl  on  Coggins 
farm,  since  the  commencement  in  1818.  The  day's  travel  from  pit 
to  field  and  back,  for  both  the  two  jobs,  varied  from  22  to  28} 
miles,  besides  about  1}  miles  in  all  from  and  to  the  stable.  For 
the  digging,  loading,  and  carting,  two  men  and  two  small  boys  were 
employed. 

III.  The  third  estimated  job  was  on  Shellbanks  farm,  also  in 
Prince  George  county,  over  a  much  larger  surface  than  the  preced- 
ing, but  from  sundry  different  pits,  over  difierent  routes,  and  to 
different  fields.  The  overlay  was  mostly  thinner  than  the  marl 
beneath,  and  both  were  dry  in  most  cases ;  the  working  of  both 
easier  than  usual ;  the  distances  moderate,  the  average  from  pits 
to  fields  being  not  more  than  half  a  mile ;  though  the  land  being 
hilly,  almost  every  load  had  to  rise  a  hill  from  the  pit,  from  40  to 
100  feet  of  perpendicular  height.  In  1828,  soon  after  buying  this 
poor  farm,  I  began  the  marling,  and  in  about  4  months  finished 
120}  acres  at  rates  between  280  and  280  bushels  per  acre.  The 
time  taken  up  in  this  work  was  five  days  in  January,  and  all  Febru- 
ary and  March,  with  two  single  mule  carts  (and  but  ordinary 
mules),  and  from  August  5th  to  September  27th,  with  a  much 
stronger  force. 

Taking  everything  into  consideration,  I  should  suppose  that  the 
labour  and  cost  of  this  large  job  of  marling  will  be  equal  to,  if  not 
greater  than  the  average  of  all  that  may  be  undertaken,  and 
judiciously  executed,  on  farms  having  plenty  of  this  means  for  im- 
provement, at  convenient  distances.  The  whole  cost  of  this  large 
job  was  as  follows  : — 

Preparatory  work,  including  uncovering  marl,  cutting 
and  repairing  the  necessary  roads,  and  bringing  corn 
(from  another  farm)  for  the  teams — digging,  carrying 
out,  and  spreading  6892  loads  of  marl  (4}  heaped 
bushels  only,  because  of  the  steep  hills,  and  sometimes 
wet  marl),  31,014  bushels  on  120}  acres,  $265  90 

At  the  average  rate  of  57}  loads,  or  259  bushels  per 

acre,  the  average  expense  was  to  the  acre,     -        -  2  28 

Or  $2.58,  if  for  300  bushels  to  the  acre. 
And  to  the  bushel,  86-lOOths  of  a  cent. 

28 
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In  this  job,  the  quantity  of  labour  of  every  kind  employed,  was 
accurately  noted,  and  also  the  amount  of  marl  carried  out ;  so  that 
the  cost  could  be  very  exactly  calculated.  But  owing  to  the  great 
and  frequent  variation  of  distances  from  the  various  pits  opened, 
there  was  no  measurement  of  the  travel  made,  and  of  course  the 
proportion  of  work  performed  to  the  force  engaged  was  not  known. 

IV.  The  next  job  of  marling  estimated  was  in  1844,  on  Marl- 
bourne,  a  farm  on  the  Pamunkey  river  then  recently  bought,  and 
made  my  residence.  This  is  the  operation  of  which  the  facts  in 
detail  will  be  given  hereafter.  Therefore  it  is  enough  to  state  here 
that  the  total  cost  of  7803  bushels,  carried  to  the  average  distance 
of  1436  yards  from  pit  to  field,  amounted  to  94  cents  for  the  100 
bushels  of  marl,  spread  on  the  land. 

Thus,  of  these  four  considerable  operations,  performed  at  diife- 
rent  periods,  and  under  different  circumstances,  of  which  one  only 
can  be  deemed  of  ordinary  facility  and  cheapness,  and  one  other 
was  excessively  laborious  and  expensive,  the  costs  brought  together 
are  as  follows  : — 


lat,  on  Coggins  Point  farm, 
2d,     "         "         "         " 
3d,     "  Shellbanks, 
4th,  "  Marlboume, 


Cost  per  100 
heaped  bushels. 
$1  42 
0  97J 
0  86 
0  94 


Coat  per  acre  if 

at  300  bushels. 

$4  26 

2  92 

2  58 

2  82 


But  not  one  of  these  operations  was  as  judiciously  and  cheaply 
executed  as  my  more  full  experience  would  now  direct;  and  if 
either  one  were  now  to  be  done,  I  could  save  much  of  the  labour 
before  expended.  Nor  does  this  rest  on  supposition,  but  has  been 
actually  tested  by  further  and  large  operations  in  the  same  locality 
and  circumstances  as  of  the  fourth  in  the  above  statement.  By 
improving  the  processes,  or  avoiding  previous  waste  of  means, 
something  has  been  saved  in  every  branch  of  labour,  as  will  here- 
after be  shown. 


CHAPTEE  XXIX. 

DETAILS  OF  ACTUAL  AND  EXTENSIVE  MARLING  LABOTJES. 

The  largest  known  uncovering  and  excavation  of  marl  is  that 
■which  was  begun  by  me  in  1844,  soon  after  my  resuming  marling 
labours  in  a  new  locality,  and  under  new  circumstances ;  and  which 
work  was  in  progress  to  1850.  This  work  is  deemed  worthy  of 
being  particularly  described,  for  the  extent  and  the  mode  of  opera- 
tion; and  still  more  because  some  or  all  of  the  same  general  features 
of  the  locality,  and  advantages  and  difficulties,  belong  to  very  many 
other  situations,  of  low-lying  marl.  It  will  not  be  my  aim,  in  this 
place,  to  describe  the  general  character  .or  to  note  differences  of  the 
extensive  marl  formations  of  the  Pamunkey  river ;  but  to  state 
minutely  the  particular  conditions  of  this  one  locality,  and  the 
labours  there  actually  performed. 

The  place  is  on  the  Newcastle  farin,  belonging  to  Carter  Braxton, 
Esq.,  and  adjoining  my  own.  The  ground  is  part  of  a  long  and 
narrow  stretch  of  the  lower  and  more  sandy  land  of  the  broad 
flats  bordering  the  Pamunkey.  The  surface  soil,  covering  the  dig- 
gings to  be  described,  is  nearly  level,  but  gradually  rises,  and  the 
earth  overlying  the  marl  increases  in  thickness  from  4  feet,  in  the 
earlier  work,  to  6J  at  its  greatest  present  enlargement.  The  sur- 
face of  the  bed  of  marl  is  also  very  nearly  horizontal ;  and  the  vari- 
ations from  the  level  do  not  agree  with  those  of  the  surface  soil. 

The  marl  originally  was  here  exposed  to  view  by  being  partly 
cut  through  by  a  narrow  gully  conveying  a  small  stream ;  which 
stream  received  all  the  drainage  of  the  adjacent  land,  and  thereby 
was  subject  to  be  swollen  by  heavy  rains.  The  stream,  naturally, 
was  about  2  feet  below  the  highest  exposed  marl,  and  about  4  feet 
above  the  bottom  of  the  bed  at  the  same  place.  Except  the  con- 
tinuation of  this  stream,  and  the  narrow  ravine  conveying  it,  which 
very  gradually  descended  to  the  river,  all  the  adjacent  ground 
was  at  least  four  feet  higher  than  the  upper  surface  of  the  marl. 
The  annexed  figure  will  show  the  profile  of  the  different  layers,  at 
the  distance  of  40  to  60  feet  from  the  stream. 
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Overlay. 


PAMUNKEY   MARL. 

FlQITEE  1. 

Sandy  surface  soil,  about  6  inches  

Sandy  sub-soil,  dry  and  firm  1 
Loose  and  dry  sandy  gravel   J 

Indurated  ferruginous  sandy  1  

gravel,  wet,  1  foot  / 

Wet  and  adhesive  green  clay,  ("olive  earth")  1  foot 


Feet. 


Marl. 


'  Soft  and  pervious  clay  marl,  6  inches 
Compact  and  impervious  clay  marl,  5  feet 

Softer  layer,  1  foot 

Layer  of  stony  lumps,  1  foot 


Gypseous,  or  green-sand  earth,  with  very  little  shelly  mat-  \ 
ter,  of  great  and  unknown  thickness — at  least  40  feet      / 


0^ 


1 

W 


The  soil  of  the  overlying  land  is  a  rich  black  sandy  loam  (before 
drained  and  cultivated),  6  or  8  inches  deep,  lying  on  a  sandy 
subsoil,  firm  and  dry,  and  becoming  more  coarse  and  loose  as  de- 
scending, until  it  is  more  of  fine  gravel  than  sand.  All  the  above 
layers,  varying  from  2  J  to  4  feet  in  the  successive  uncoverings,  are 
dry  and  easy  to  dig  and  remove.  Below  these,  the  gravelly  sand 
is  more  or  less  cemented  into  a  hard  and  almost  stony  bed,  by  the 
percolation  of  ferruginous  spring  water.  Under  this  layer,  which 
is  full  of  veins  of  springs,  coming  from  beneath  the  higher  ground, 
there  lies  a  very  uniform  layer,  from  8  to  14  inches  thick,  of  green 
clay,  which  is  the  water-bearing  stratum,  and  keeps  the  lower  part 
of  the  gravel  above  full  of  water.  This  green  clay  has  a  very  pe- 
culiar appearance  and  texture.  Though  very  largely  constituted 
of  pure  clay,  and  extremely  adhesive  and  close  after  being  moved) 
yet  in  its  bed  it  is  very  soft  and  pervious  to  slowly-oozing  water, 
and,  of  course,  is  saturated  by  the  numerous  veins  of  springs  above. 
I  think  that  this  green  clay  was  formerly  the  upper  part  of  the 
marl ;  and  has  had  all  its  former  shelly  matter  decomposed  and 
carried  oif  by  the  constant  access  and  passage  of  water  containing 
salts  of  iron.  The  upper  4  to  6  inches  of  the  marl  immediately , 
below  this  clay,  seems  as  if  in  transition  to  the  same  state.  It  is 
soft,  permeable  by  water,  miry,  and  adhesive,  all  which  are  qualities 
of  the  clay  above,  and  entirely  different  from  the  compact  marl 
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below.  Although  this  lower  marl  also  contains  a  large  proportion 
of  clay,  yet  the  carbonate  of  lime  present,  in  finely-divided  state, 
not  only  preserves  a  very  firm  natural  texture,  but  also  prevents 
adhesiveness  in  workings  unless  the  marl  is  permitted  to  receive 
water  after  being  dug  and  finely  reduced.  Then,  indeed,  it  is  made 
a  sticky  mass ;  and  the  labour  of  shovelling  it  is  more  than  doubled. 

The  whole  bed  of  marl  at  this  place  varies  from  6  to  8  feet  in 
thickness,  and  generally  is  more  than  7  feet,  through  the  extent 
of  my  work.  The  much  larger  part,  of  4  to  6  feet  thick,  is  per- 
fectly impervious  to  the  passage  of  water,  though  highly  absorbent 
of  moisture,  and  always  moist  in  its  bed.  This  requires  to  be  dug 
by  a  heavy  and  narrow  grubbing-hoe,  which,  in  the  hands  of  a  good 
pit-man,  can  be  sunk  barely  3  inches  into  this  marl  at  a  stroke. 
Still  lower,  for  a  foot  or  more,  the  marl  is  softer,  and  the  shells 
are  less  reduced.  And  lowest,  also  for  about  a  foot,  the  marl  is  in 
large  stony  masses,  lying  so  closely  as  to  form  a  connected  pavement. 
The  breaking  up  of  this  stony  layer  requires  heavy  and  strong 
picks,  and  the  work  is  laborious  and  slow.  But  these  hard  lumps 
are  much  richer  in  lime  than  the  marl  above.  The  excavation  is 
carried  no  deeper  than  through  this  stony  layer ;  and  even  that 
has  often  been  omitted,  on  account  of  the  greater  labour  .to  dig, 
and  to  throw  it  up  from  the  greatest  depth. 

Next  below  this  stony  layer  is  the  green-sand  earth,  of  great  and 
unknown  depth.  Here,  this  contains  only  about  2  or  3  per  cent, 
of  carbonate  of  lime,  in  a  few  widely  dispersed  shells,  with  the 
usual  and  considerable  proportion  of  green-sand.  I  do  not  use  this 
earth,  nor  deem  it  worth  using  as  manure,  where  the  upper  marl 
is  to  be  obtained.  Nevertheless,  this  lowest  bed  was  formerly  used 
by  the  proprietor,  and  by  others,  in  this  neighbourhood,  as  "  marl," 
without  discrimination;  and  it  was  then  even  preferred  by  most 
persons  to  rich  calcareous  marl,  if  the  latter  were  without  green- 
sand.* 

Excavation  of  Marl  in  small  perpendicular  pits. 

The  first  working  was  begun  by  digging  and  throwing  off  the 
overlay  adjoining  a  part  of  the  narrow  "  out-crop"  or  exposed  marl, 
on  the  side  of  the  natural  gully  through  which  the  stream  flowed, 
so  as  to  uncover  a  surface  of  marl  5  or  6  feet  wide  and  8  or  9  in 
length  (marked  1,  in  fig.  2).  So  narrow  was  the  gully,  and  so  lit- 
tle fall  had  the  stream,  that  it  was  difficult  to  dispose  of  the  earth 
from  even  this  small  uncovering.     The  marl  was  then  dug  out,  so 

*  The  description  of  tlie  strata  is  here  generally  confined  to  such  features 
as  materially  affected  the  labours  of  excavation,  and  removal  of  the  overlay 
and  marl,  or  'the  supposed  manuring  values  of  the  lower  beds.  In  a  subse- 
quent part,  in  connexion  with  the  marls  of  Virginia  in  general,  the  Pa- 
munkey  beds  will  be  more  fully  described. 
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FlQ.  II. 

Horizontal  Plan  of  Marl  Diggings. 
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Explanations.     Fio.  II. 

X,  X — Stream,  in  a  small  natural  ravine,  on  the  sides  of  which  some  of  the 
marl  was  exposed,  at  the  out-cropping. 

A,  A— the  first  range  of  marl,  successively  uncovered  and  excavated  in  the 
small  perpendicular  pits  1,  2,  3,  4,  &o. 

B,  B,  and  C,  C — second  and  third  ranges  of  diggings,  in  like  manner,  but 
increased  in  sizes  of  pits. 

D,  D,  D — at  first  the  natural  surface  of  ground  (5  feet  above  the  marl),  on 
which  the  marl  was  thrown  out  of  the  pits  of  range  C ;  and  next  after, 
D,  D,  D,  was  the  first  range  of  graduated  digging. 

0,  d — the  upper  part  of  D,  96  feet  long,  the  overlay  but  partly  removed  at 
first,  so  as  to  form  an  inclined  plane  for  the  roadway.  The  same  de- 
scending grade  continued  in  excavating  the  marl  from  dio  e  e. 

c,  d,  e,  e — ^narrow  drain  cut  first  down  to,  and  afterwards  into  the  marl,  to 
intercept  spring  water,  and  turn  it  into  the  stream  x — and  thus  to  drain 
the  space  D  D. 

g,  g — ^farm  road,  on  level,  opposite  ranges  D,  E,  F,  G,  rising  from  5  to  6J 
feet  above  the  marl. 

h,  h,  h,  h — upper  ends  of  roads  successively  used  from  the  graduated  dig- 
gings. 

0,  0 — Slower  ends  of  descending  roadways  in  the  marl. 

E,  P,  6 — successive  ranges,  uncovered  and  excavated  in  graduated  diggings, 
similar  to  D,  but  increased  In  extent. 

H,  H — range  36  feet  wide,  uncovered  for  next  working — and  less  than  half 
the  marl  of  which  was  excavated,  when  my  operations  at  this  place  were 
finally  closed  in  December,  1850. 

N.  B.  The  Fig.  II.  is  drawn  on  the  scale  of  80  feet  to  the  inch,  for  the 
dimensions  of  ranges,  and  the  general  outline  and  space.  But  small  sizes, 
and  distances,  as  width  of  drains,  &c.,  are  necessarily  irregular,  and  much 
larger  than  the  scale. 
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as  to  form  a  pit  with  perpendicular  sides,  and  thrown  upon  the 
adjoining  firm  ground  (on  3),  whence  the  carts  removed  it  nearly 
or  quite  as  fast  as  supplied  from  the  digging.  This  small  excava- 
tion served  to  receive  the  removed  overlay  from  the  next  adjoining 
and  larger  uncovering  (2),  which,  when  pitted,  in  like  manner, 
received  the  overlay  from  a  still  larger  space  (3).  In  this  manner, 
successively  digging  out  small  pits  with  perpendicular  sides,  and 
then  filling  each  one  with  the  earth  removed  to  uncover  adjoining 
and  enlarged  spaces,  the  whole  of  the  first  irregular  range  (A  A  A) 
was  worked  out,  between  the  stream  (x)  and  the  line  a  b,  then  the 
lower  limit  of  the  firm  overlying  surface  ground,  on  which  the  marl 
had  been  thrown  for  the  carts,  from  the  previously  dug  range  of 
pits.  So  far,  the  work  had  been  on  the  thinner  out-running  of  the 
strata,  and  the  sloping  overlay  not  any  where  more  than  4  feet  thick. 
But  thin  as  it  was,  and  close  to  the  places  where  thrown,  the  re- 
moval was  laborious,  owing  to  the  oozing  spring-water,  and  the 
adhesive  clay,  made  much  worse  by  the  quantity  of  water.  Of 
course,  for  such  small  and  frequent  uncoverings  the  previous  cutting 
off  of  the  access  of  springs  was  out  of  the  question.  This  diflGiculty, 
caused  by  the  water  being  necessarily  worked  up  with  the  clay  and 
other  earth,  increased  with  the  increased  width  of  the  uncoverings, 
and  the  distances  to  throw  off  the  earth.  Each  small  uncovering 
of  marl,  after  all  its  overlay  had  been  removed,  was  separately 
drained,  'by  a  small  trench  being  dug  in  the  marl  along  its  land 
side,  and  catching  and  leading  the  intercepted  oozing  springs  into 
the  previously  made  and  still  partly  open  excavations.  As  the 
marl  was  thrown  up  across  these  draining  trenches,  they  were  fre- 
quently choked  by  the  marl,  falling  back.  This  was  partially 
guarded  against  by  laying  a  thick  plank  over  the  trench.  "Walls 
of  marl,  15  to  20  inches  thick,  were  left  between  each  completed 
pit  and  the  next  one  begun,  to  keep  out  of  the  newer  work  the 
mud  and  water  which  filled  the  older.  But  after  each  pit  was 
finished,  more  or  less  of  the  wall  previously  left  was  cut  down,  and 
so  much  of  the  marl  saved.  Still,  there  was  much  loss  of  marl  in 
what  was  necessarily  left  of  these  walls.  Besides,  other  losses  were 
sometimes  caused  by  floods  from  heavy  rains,  or  the  breaking  down 
of  walls,  filling  unfinished  diggings  with  water  or  mud  too  deep  to 
be  worth  the  cleaning  out. 

Along  the  first  range  of  digging  (A  A  A),  the  stream  was  higher 
than  the  bottom  of  the  pits,  from  2  feet  at  the  beginning  (1),  to  4 
feet  at  the  upper  end  (a).  Its  water  was  kept  out  of  the  diggings 
by  leaving  a  narrow  wall  of  marl  alongside  of  the  stream.  This 
served  as  a  barrier  until  each  pit  was  finished ;  after  which  the  en- 
trance of  water  caused  no  serious  inconvenience.^  As  the  pitting 
was  extended  up  the  course  of  the  stream,  the  thickness  of  the 
marl  stratum  increased  to  8  feet.     The  lowest  stony  layer,  however. 
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was  then  generally  left ;  being  not  deemed  worth  the  great  labour 
of  throwing  it  up  so  high.  The  overlay  being  there  4  feet  thick, 
the  extreme  height  to  raise  the  marl  was  12  feet  from  the  bottom 
of  the  marl  to  the  surface  of  the  ground  where  the  carts  were 
loaded. 

In  this  manner  of  working,  were  successively  uncovered  and 
excavated  the  next  ranges,  B  B  and  C  C.  But  before  either  range  of 
marl  was  near  being  finished,  the  removal  of  the  next  succeeding 
overlay  had  been  begun  and  was  extended  at  convenient  times,  and 
especially  when  the  wet  or  frozen  condition  of  the  land  forbade 
most  other  farm  labours.  At  such  times,  the  worst  previous 
weather  but  slightly  impedes  the  uncovering  of  marl ;  and  thus  a 
large  proportion  of  this  heavy  labour  has  been  performed  when 
scarcely  any  other  farm  work  could  be  done.  This  circumstance 
greatly  diminishes  what  would  otherwise  be  the  expense. 

The  digging  of  the  first  marl  ^1  in  A)  was  begun  on  June  28th, 
1844.  The  excavation  of  the  third  range  of  pits,  CO,  was  finished 
the  following  April.  This  last  range  was  250  feet  long,  15 
feet  wide  on  an  average ;  and  measured  25,800  cubic  feet  in  the 
bed  (allowing  a  proper  deduction  for  lost  walls  and  bottoms),  which 
would  expand  to  about  29,670  heaped  bushels  after  being  dug. 

The  separate  pits  of  the  wider  and  more  regular  range  C  C  were 
much  longer,  as  well  as  much  wider,  than  those  of  the  earlier  ranges. 
They  were  the  full  width  permitted  by  that  of  the  uncovered  marl, 
clear  of  the  narrow  drain  on  the  land-side,  and  the  wall  left  on  the 
opposite  side — or  about  13  feet.  In  length,  they  were  15  to  20 
feet,  or  more,  to  suit  the  amount  of  labour  engaged.  In  the 
usually  dry  weather  of  summer  and  autumn,  and  even  in  winter 
when  a  strong  force  was  employed,  there  was  the  less  danger  of 
having  unfinished  work  suspended  by  rain,  and  lost  by  overflow 
of  water,  or  caving  earth ;  and  th«n  larger  diggings  were  opened. 
By  increasing  the  size  of  the  pits,  there  was  the  less  trouble  in 
constructing  new  drains,  less  loss  in  the  dividing  walls  left,  and 
more  space  and  convenience  for  the  pit-men.  Besides,  there  was 
the  benefit  of  equalizing  the  labour  of  throwing  out  the  marl,  by 
keeping  the  digging  on  two  difierent  levels  at  the  same  time. 

The  still  slightly  increasing  thickness  of  the  overlying  earth 
made  that  of  the  next  range  (D)  5  feet ;  to  which  height,  of  course, 
the  marl  was  thrown  from  the  pits  of  C,  making  the  perpendicular 
height  from  the  top  of  the  marl  5  feet,  and  from  the  bottom,  13 
feet,  when  all  was  dugj  or  12  feet  when  the  stony  bottom  layer 
was  left,  as  was  now  usual.  But  to  make  sure  of  the  thrown  marl 
not  falling  back  into  the  pit,  and  especially  when  there  was  some 
quantity  of  marl  remaining  in  the  pile  in  advance  of  the  carting, 
the  height  of  the  pit-man's  cast  was  necessarily  considerably  more 
than  the  mere  depth  of  the  then  excavation.     Added  to  this  was 
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all  the  lateral  distance,  which  where  greatest  of  the  range  C,  and 
from  the  outside  of  the  pit  across  to  the  loading  place,  was  usually 
14  and  in  some  wider  parts  17  feet.  This  throwing  of  the  marl 
from  the  greatest  depth  and  width  of  the  pit  was  very  heavy  and 
slow  work. 

It  was  after  the  usual  steady  work  of  my  then  regular  marling 
force,  begun  the  24th  of  the  preceding  January  at  another  digging,  . 
and  continued  whenever  the  state  of  the  weather  and  roads  per- 
mitted, that  the  excavation  and  carting  were  begun  at  this  digging 
on  June  28th,  1844.  On  April  29th,  previously,  I  had  begun  to 
measure  and  to  note  the  quantity  of  marl  carried  every  day  by 
each  cart,  and  the  distances  travelled ;  and  of  which  the  record 
was  carefully  and  accurately  continued  until  Sept.  11th  (with  the 
exception  of  a  few  days  only,  when  the  teams  were  at  other  work), 
for  every  day  when  the  weather  and  roads  permitted  marling. 
Though  noting  thus  the  work  of  every  separate  cart  and  team, 
whether  regularly  or  rarely  so  employed,  the  trial  was  especially 
designed  for  one  particular  mule,  which  was  always  kept  at  hauling 
marl  (when  that  work  was  going  ou),  and  which  has  continued  to 
be  so  employed  to  this  time,  in  1849.  This  mule  is  rather  above 
average  size,  and  might  have  been  sold  for  ^65,  according  to  the 
prices  usual  in  and  before  1844.  She  had  begun  this  labour 
in  January,  when  poor ;  had  improved  while  so  employed ;  and 
was  in  excellent  working  condition  when  marling  was  suspended 
in  September,  for  the  purpose  of  all  the  mules  being  used  for  the 
heavier  labours  of  fallow-ploughing  for  wheat,  and  afterwards  har- 
rowing in  the  seed.  I  could  extend  the  statement  of  this  mule's 
daily  work,  as  particularly,  by  embracing  what  had  been  previously 
observed  and  noted  from  April  29th,  and  also  of  all  the  other 
teams,  irregularly  employed.  But  it  will  be  enough  to  present  the 
portion  of  work  done  by  this  one,  and  only  from  the  beginning  of 
the  excavations  at  this  locality,  of  which  the  circumstances,  and 
for  this  purpose,  have  been  so  minutely  stated  above.  It  is  only 
by  such  careful  observations,  and  actual  measurements  of  quanti- 
ties and  distances,  and  these,  moreover,  continued  for  a  considera- 
ble extent  of  time,  that  any  fair  and  unquestionable  evidence  can 
be  afforded  of  the  amount  and  cost  of  any  labour  that  can  be  per- 
formed in  a  certain  time,  by  men  or  beasts,  and  especially  of  the 
latter.  For  a  few  days,  or  perhaps  for  a  few  weeks,  there  might 
be  performed  labours  which  the  teams  would  sink  under  if  con- 
tinued much  longer.  But  when  a  certain  measure  of  work  has 
been  done  regularly  for  months  together,  without  any  apparent 
difficulty  or  hardship  to  hands  or  teams,  still  more,  when  the  teams 
have  improved  in  flesh  while  continuing  and  even  increasing  their 
daily  labour  (as  in  this  case) ;  there  can  remain  no  question  as  to 
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the  ability  of  all  to  continue  to  performthe  same  amount  of  labour 
for  any  length  of  time,  under  like  circumstances. 

From  the  commencement  of  my  marling  on  my  then  newly-pur- 
chased farm,  Marlbourne,  two  mules  were  assigned  to  this  work, 
to  be  regularly  so  employed  in  all  time  fit  for  hauling  marl,  except 
during  the  greater  pressure  of  certain  other  farm  labours.  These 
times  were  to  be  during  wheat  harvest  (when  only  for  eight  or  ten 
days  all  the  mules  usually  would  be  idle,  because  all  the  drivers  were 
needed  as  harvest  hands),  when  hauling  out  the  stable  and  winter- 
made  manure — hauling  in  and  thrashing  the  wheat  crop,  and  deliver- 
ing the  grain  for  market  at  the  river  landing — for  the  ploughing  for 
fallow  wheat,  and  ploughing  and  harrowing  when  seeding — and  to 
plough  the  corn  for  a  few  days  both  before  and  after  wheat  harvest 
— and  sometimes  when  hauling  in  the  corn  crop,  if  hands  could 
not  then  be  spared  to  dig  marl.  None  of  these  labours,  except 
hauling  in  wheat  and  corn  from  the  fields,  are  lighter  than  would 
be  the  continuation  of  hauling  marl ;  and  some  of  them  (fallow- 
ploughing,  harrowing,  and  thrashing)  are  much  heavier.  All  these 
different  operations  usually  kept  the  marling  suspended  for  times 
amounting  to  about  hiilf  the  working  days  of  each  year.  But  not 
so  much  in  1844,  as  there  was  then  no  wheat  crop  to  harvest  or 
thrash,  and  very  little  manure  made  to  be  carried  out.  All  these 
abstractions  of  the  regular  marling  teams  are  much  more  than  com- 
pensated by  the  irregular  employment,  at  marling,  of  the  ploughing 
teams  at  what  would  otherwise  be  their  idle  or  leisure  times. 
There  is  much  convenience  and  gain  in  having  labour  thus  to  be 
exchanged.  At  the  pressing  seasons  of  harvesting,  fallowing,  for 
seeding  and  thrashing  wheat,  the  regular  farm  force  is  insufficient, 
and  no  supply  of  extra  force  can  be  hired.  Then  the  other  force 
kept  for  marling  becomes  an  important  aid,  and  is  worth  much 
more  than  the  cost,  or  than  the  marling  labours  thereby  postponed. 
On  the  other  hand,  the  regular  carrying  on  of  marling  operations 
by  an  extra  force  so  applied,  enables  the  farmer  to  increase  it  at 
any  leisure  time,  by  any  surplus  force,  of  hands  or  teams  necessarily 
kept  for  farm  labour;  and  whose  surplus  or  spare  time,  for  short 
intervals,  could  not  otherwise  be  put  to  any  profitable  use.  In  the 
one  case,  force  that  would  be  cheaply  hired  at  double  of  average 
price  of  hires,  is  obtained  for  the  lowest  rates ;  and  in  the  other, 
for  less  than  the  cost  of  mere  maintenance.  Without  both  these 
reciprocal  aids  thus  exchanged,  I  am  sure  that  my  wheat  crop  would 
necessarily  be  curtailed  by  one-sixth,  and  my  marling  by  more 
than  one-half. 

The  statement  to  be  here  offered  of  a  connected  portion  of  the 
marling  labours  of  1844,  will  be  of  what  was  actually  done,  under 
the  then  existing  circumstances,  and  with  the  then  defective  mode 
of  working — and  not  of  what  might  have  been  done  with  better 


336  DETAILS   or  OPERATIONS. 

appliances  and  more  experience,  or  with  such  improvements  of 
operations  as  I  have  since  introduced. 

The  distances  from  the  pit  were  accurately  measured ;  except 
for  inconsiderable  and  daily  variations  from,  or  extensions  of  known 
distances,  which  were  estimated  by  the  less  exact  measure  of  my 
stepping.  For  every  new  route,  and  every  considerable  alteration, 
the  measuring  tape  was  used.  The  contents  of  the  cart-bodies  were 
ascertained  both  by  cubic  measurement  and  by  the  heaped  half- 
bushels  of  marl  which  could  be  put  in.  After  enough  of  such  trials 
had  been  made  for  fixing  an  average,  each  cart-load,  accord- 
ing to  its  being  filled  even,  or  slightly  heaped,  or  fully  heaped 
(which  variations  might  be  required  by  different  conditions  of 
teams,  marl,  or  roads),  was  respectively  taken  as  the  measure  of  a 
stated  number  of  bushels. 

Single  mule  carts  were  used  this  year,  which  was  one  of  the 
errors  afterwards  abandoned.  The  loads  of  the  one  mule  whose 
work  will  be  separately  stated,  was  at  first  made  8  heaped  bushels, 
afterwards  increased  to  8  J.  Her  driver  was  a  boy  of  15  years  old. 
Two  other  mules  which  were  generally  but  not  regularly  hauling 
marl  during  the  same  time,  were  driven,  one  by  a  boy,  and  the 
other  by  a  girl,  neither  driver  exceeding  13  years  old.  Tasks  were 
assigned  to  each  mule  cart.  Blarling  is  the  only  kind  of  farm, 
labour  that  I  ever  could  have  performed  advantageously  by  task- 
work. For  this,  tasks  were  found  very  advantageous;  and  no 
other  work  which  has  been  under  my  direction  has  been  executed 
so  faithfully,  or  with  so  little  superintendence  or  difficulty.  This 
peculiar  adaptation  to  task-work  is  owing  to  the  uniformity  of  the 
labours,  when  conducted  on  a  regular  plan  of  operations. 

The  marl  was  very  generally  free  from  all  extraneous  water. 
Though  moist  in  its  bed,  and  when  dug,  it  is  as  little  so  as  any 
highly  absorbent  earth  could  be,  if  in  like  manner  covered  by  wet 
and  water-soaked  clay.  The  marl,  just  after  being  dug,  weighs  105 
lbs.  to  the  heaped  bushel.  If  allowed  to  become  wetter,  its  weight 
is  much  increased.  I  found,  by  trial,  that  a  bushel  of  this  marl, 
as  moist  as  when  dug,  would  absorb  two  gallons  more  of  water  (16 
lbs.),  without  being  so  surcharged  that  any  would  drip  away.  Yet 
many  of  those  persons  who  work  marl  having  springs  oozing  out 
above,  allow  so  much  water  to  have  access,  as  to  add  much  more 
than  16  lbs.  to  the  weight  of  the  bushel  of  marl,  and  to  increase 
the  labours  of  shovelling  and  loading  in  still  greater  proportion. 

The  degree  of  inclination  of  the  surface  of  the  land  on  which 
marl  is  carted,  and  its  being  rough  or  smooth,  soft  or  firm,  all  have 
important  influence  on  the  labour  of  marling.  The  land  to  which 
mine  was  then  applied,  as  well  as  all  over  which  the  routes  passed, 
was  part  of  the  broad  flats  bordering  on  the  Pamunkey.  The  very 
gradual  ascent  from  the  margin  of  the  pit  (where  the  marl  was 
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thrown  up,  ready  for  filling  the  carts),  was  not  more  than  10  feet 
of  perpendicular  height,  to  the  highest  summit  j  after  which,  the 
routes  to  all  the  different  places  of  deposit  pass  over  slight  and 
gradual  undulations  of  surface,  as  much  descending  as  ascending, 
and  which  variations  of  level,  in  their  extremes,  scarcely  exceed  6 
feet.  So  level  a  way  is  of  course  a  great  advantage,  and  enables 
me  to  carry  much  heavier  loads  than  on  the  high  and  hilly  lands 
which  I  formerly  marled  elsewhere.  But,  on  the  other  hand,  this 
almost  level  surface  requires  the  land  everywhere  to  be  ridged ; 
and  the  water  furrows  (or  deep  alleys),  and  the  many  deeper 
cross  "  grips"  (or  very  narrow  and  shallow  ditches),  together  pre- 
sent greater  obstacles  to  the  passage  of  carts  over  the  fields,  than 
would  be  found  with  much  more  of  ascent  and  inequality  of  sur- 
face, but  with  smooth  tillage.  Another  disadvantage,  suffered  then, 
and  generally  for  some  years  after  on  nearly  all  my  land,  was,  that 
as  it  had  not  been  recently  grazed  and  trodden  by  cattle,  the  soil 
was  not  firm,  but  puffy  and  soft;  and  therefore,  even  when  dry,  and 
still  more  when  wet,  this  soft  soil  greatly  increased  the  labour  of 
carting  on  the  fields. 

The  marl  contains,  on  the  average,  38  to  40  per  cent,  of  carbo- 
nate of  lime.  It  was  applied  at  about  850  bushels  to  the  acre — in 
heaps,  11  yards  each  way,  of  the  whole  load  of  a  single  mule,  or 
half  the  load  of  two  mules,  or  two  oxen. 

After  all  these  matters  of  preliminary,  explanation,  I  will  now 
present  the  particular  statement  designed,  showing  for  an  entire 
job  of  64  consecutive  working  days,  the  daily  travel,  and  number 
and  amount  of  loads  of  a  single  mule ;  and  also  the  total  quantity 
of  marl  dug  for  and  carried  out  by  other  and  less  regular  teams, 
'whose  work,  though  noted  separately,  it  is  not  necessary  to  give 
more  particularly  in  this  abstract  from  the  fuller  record  in  my 
farm  journal.  The  work  stated  in  the  following  table  comprised 
all  the  marl  of  the  ranges  A  and  B,  and  a  large  part  of  the  nest 
and  wider  range  C. 

29 
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REMARKS. 

*  The  numbers  marked  thus  (*)  are  short  of  full  day's  work,  for  causes 
to  be  stated. 

**  July  1,  one  load,  or  one-twelfth  of  the  task,  lost  by  rain. 

*t  July  10,  rain  prevented  3  loads,  or  three-tenths  of  the  task. 

t  July  11,  full  but  irregular  work  at  another  place,  and  distances  not  as- 
certamed — the  ordinaiy  road  being  too  wet  to  use. 

*|  July  20,  stopped  at  12  o'clock  for  half  hoKday— 8-20ths  of  full  day's 
work  wanting. 

+t  July  23,  rai«i  caused  loss  of  3  loads,  or  3-20ths  of  task. 

4  July  24,  a  load  too  much,  by  mistake. 

*a  A  good  rain  in  afternoon— 2  loads  (2-15ths)  lost.  Next  day  (27th) 
earth  too  wet  for  marling,  and  the  mules  at  the  harder  work  of  clouehina: 
for  wheat.  f      &      b 

*b  Aug.  2,  rain  caused  loss  of  2  loads,  or  2-16ths  of  task. 

*c  Aug.  31,  stopped  at  12  o'clock  for  half  hoUday,  8  loads,  or  8-18ths 
wanted  of  full  day's  work. 

*d  Sept.  11,  rain,  after  long  drought,  stopped  all  work  at  i  P.  M.  Nest 
day  more  and  heavy  rain,  and  this  mule,  and  all  others  fit,  put  to  plough- 
ing for  wheat.  For  two  weeks  previous  to  these  rains,  the  groimd  had 
been  excessively  dry,  bo  that  the  road,  and  tracks  across  the  fields,  which 
were  constantly  travelled  over,  were  so  deep  in  fine  dust  that  it  was  very 
unpleasant,  and  even  an  impediment  to  the  teams. 

The  foregoing  table  gives  the  following  results  : — 
The  mule,  whose  work  is  stated  separately,  in  65  consecutive 
days,  omitting  the  Sundays  only,  travelled  in  marling  labour  1572 
miles  and  408  yards.  Of  these  65  days,  1  (July  27th),  the  teams 
were  at  ether  labour.  One  other  day  (July  11),  of  full  but  not 
measured  marling  labour,  being  estimated  and  added  in  at  the 
general  average,  and  of  8  other  days,*  of  which  the  work  was  bro- 
ken by  rains,  the  idle  parts  being  deducted,  leave  62  J  of  full  work- 
ing days  of  hauling  marl.  This  makes  the  daily  average  travel  of 
the  mule  25  miles  and  138  yards,  including  the  distances  from  the 
stable  and  back. 

The  whole  number  of  loads  actually  carried  out  by  the  one  mule 
was  965;  the  average  load,  in  heaped  bushels,  8.095,  weighing  105 
lbs.  to  the  bushel,  and  850  lbs.  the  load.  The  average  number  of 
loads  daily  (for  full  day's  work),  was  15.4 ;  and  the  average  travel 
for  each  load,  2867.4  yards. 

The  quantity  of  marl  carried  out  in  62J  full  days'  work,  7803 
bushels ;  which  makes  the  daily  average  quantity  carried,  124.85 
bushels. 
And  as  to  the  general  operations  of  all  the  force  employed — 
The  whole  quantity  of  marl  dug,  and  carried  out  by  all  the 
teams,  in  this  time,  26,271  bushels. 

*  The  parts  of  the  8J  days  lost  by  rain  or  otherwise,  amounted  in  time 
to  much  more  than  IJ  days.  But  the  loss  in  work  was  no  more,  because 
in  every  such  interruption,  the  hauling,,  or  task-work  forthe  day,  was  in 
advance  of  the  hour  when  operations  were  suspended. 
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The  whole  digging  and  throwing  out  of  the  marl,  and  assisting 
the  drivers  generally  to  load  (which  assistance  by  one  of  the  pit- 
men was  required  always,  but  not  always  given  to  all  of  the  extra 
teams),  was  equal  to  177  days'  labour  of  a  single  pit-man ;  which 
makes  the  average  quantity  of  marl,  dug,  thrown"  out,  and  partly  also 
loaded,  for  each  pit-man,  142.42  bushels. 

So  much  for  the  labours  actually  performed.  I  shall  now  proceed 
to  estimate  their  cost.  For  this  purpose,  the  different  kinds  of  labour 
will  be  charged  at  the  prices  stated  in  the  previous  chapter. 

Estimate  of  the  cost  of  Marling. 

Carting. — The  mule  per  working  day,  cents,     .     .  26.75 

Her  driver,  (boy  of  15  years,)  cents,  22 

Cart  and  gear,  suppose,  cents,      .     .     .  5.50 

For  daily  work,  an  average  of  124.85  bushels,        .     54.25 

Or,  for  the  100  bushels,  cents, 44.26 

Digging  and  assisting  to  load. — Pit-man,  per  day, 

cents,        34 

His  share  of  tools,  suppose,  cents,        4.50*  . 

For  his  average  daily  work,  of  148.42  bushels,       .     38.50 

Or,  for  the  100  bushels,       _ .  26. 

Throwing  off  overlay  of  earth  to  uncover  marl  (its 
thickness  compared  to  that  of  the  marl  about  in 
proportion  of  3  to  5),  supposed  to  be  one-half  the  * 

labour  of  pit-work  of  the  marl  below ;  or  per  100 
bushels  of  marl  dug,  .......  13. 

Spreading  marl  (340  bushels  to  the  acre,)  per  100 

bushels,  ....  .  .  j"10. 

Total  cost  of  applying  100  bushels,     .  ...  93.26 

*  This  charge  includes  all  the  use  of  tools  for  as  much  marl  as  one  pit- 
man supplies  in  a  day,  not  only  for  his  own  digging  and  throwing  up,  but 
also  for  the  loading  and  subsequent  spreading  of  the  same  marl. 

I  The  sjireading  of  this  marl  requires  very  unequal  labour  according  to 
its  condition.  When  recently  carried  out,  and  still  moist,  and  much  of  it 
in  firm  lumps — or  otherwise,  after  mouldering  by  exposure,  and  then  being 
saturated  by  rain-water — it  is  twice  as  difficult  to  spread  as  after  being  left 
in  heaps  for  some  months  of  summer  weather,  or  until  dry  after  being  fro- 
zen. When  in  good  order,  a  man  can  easily  spread  GO  heaps  of  8  to  9 
bushels,  at  11  yards  distance.  When  but  in  tolerable  order,  and  in  winter 
days,  I  have  had  50  such  heaps  spread  by  good  hands ;  and  when  in  bad 
order,  barely  40  heaps.  Thinner  dressings,  or  more  distant  heaps,  would 
require  more  labour  for  spreading,  in  proportion  to  the  quantity.  The 
charge  above,  a  man  (at  34  cents  a  day)  is  allowed  to  spread  per  day  no 
more  than  40  heaps,  of  8J  bushels  to  the  acre.  This  is  very  light  work, 
unless  the  marl  is  in  bad  condition. 
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Small  as  is  this  cost  for  a  durable  manuring,  it  far  exceeds  what 
would  be  required  on  most  farms  possessing  marl-beds.  In  many 
localities  in  Virginia  marl  may  be  uncovered,  excavated,  and  car- 
ried to  the  field  for  one-half  of  my  expenses  for  the  same;  and  in 
some  cases  in  Virginia,  and  in  numerous  situations  in  South  Caro- 
lina, the  necessary  expenses  would  scarcely  be  more  than  a  fourth 
of  mine.  The  spreading  is  not  included  in  this  comparison,  as  its 
cost  has  no  relation  to  the  greater  or  less  cost  of  the  other  labours. 
The  obstacles  to  my  operations  were  unusually  great — in  the  soft 
and  adhesive  overlying  clay — the  numerous  small  springs  necessary 
to  be  diverted — the  liability  of  the  loose  sand  above  to  be  washed 
down  by  rains — the  low  level  of  the  marl  compared  to  the  sur- 
rounding land — and  the  great  distance  from  the  pit  to  the  field. 
But  whether  the  difficulties  of  other  marlings  be  greater  or  less  than 
mine,  their  costs  may  be  estimated  by  my  rules  and  prices,  with 
due  regard  paid  to  difference  of  circumstances.  Before,  however, 
making  such  application,  regard  should  be  paid  to  the  improved 
processes  and  reductions  of  expense  in  my  subsequent  operations, 
which  will  presently  be  stated. 

It  may,  perhaps,  be  objected  to  the  foregoing'  statements  and 
estimates,  that  the  work  was  done  in  the  long  days  of  summer,  and 
in  dry  weather,  when  there  would  be  the  least  obstruction  to,  or 
loss  of  labour  from  bad  weather  and  bad  roads.  And  I  will  admit 
further,  that  the  expense  incurred  was  not  increased  by  sickness  of 
any  one  of  the  regular  marling  hands,  nor  by  any  other  important 
loss  in  labour  or  materials.  All  these  would  be  good  grounds  for 
objection,  if  no  allowances  had  been  made  for  average  losses  on 
these  scores.  But,  in  the  general  estimates  of  the  cost  of  labour, 
there  were  made  the  ample  allowances  of  30  days'  labour  of  the 
year  lost  on  the  average  by  each  man  and  boy,  by  bad  weather, 
sickness,  and  half  holidays  (besides  the  58  of  Sundays  and  regular 
holidays),  and  40  days  for  each  mule ;  and  also  enough  for  wear 
and  breakage  of  carts  and  utensils.  Therefore  the  proper  propor- 
tion of  these  losses  is  in  fact  fully  charged  in  the  estimate,  though 
scarcely  any  of  such  losses  occurred. 

It  is  true  that  winter  marling  would  be  much  more  costly,  owing 
to  the  then  generally  muddy  or  slightly  frozen  and  rough  roads. 
And  therefore  during  that  season,  and  when  the  earth  is  wet  and 
soft,  it  will  be  generally  better  to  suspend  marling  labours,  if  the 
teams  cap  be  employed  at  other,  easier,  and  as  necessary  work.  My 
marling,  however,  was  not  thus  suspended.  For  the  extra  expense 
of  the  more  disadvantageous  and  costly  winter  marling  was  deemed 
of  fess  amount  than  would  be  lost  in  the  difference  of  productive 
value  of  land  marled,  and  the  same  if  left  unmarled.  Thus  it  is 
cheaper  to  pay  $4  an  acre,  for  marling  a  field  before  taking  its  crop 
from  it  for  that  year,  than  to  take  the  crop  first,  and  afterwards 
29* 
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marl  it  for  $2.  And,  therefore,  deeming  the  omission  or  delay  of 
marling  to  he  hy  far  the  most  expensive  thing  in  regard  to  the 
operation,  I  marled  even  in  unsuitable  seasons,  so  as  to  avoid  the 
necessity  of  ever  again  bearing  the  much  heavier  loss  of  cultivating 
any  unmarled  ground. 

Excavating  Marl  in  large  graduated  pits 

The  excavation  of  the  range  of  perpendicular  pits  0  (Fig.  11.^, 
■was  finished  in  April,  1845.  The  marl  carried  out  from  that  and 
the  two  previously  worked  ranges,  A  and  B,  amounted  to -71,541 
heaped  bushels — according  to  the  number  of  loads  counted  on  the 
fields,  and  their  estimated  quantities.  Previous  to  beginning  to 
work  at  this  digging,  there  had  been  carried  out  from  another,  not 
far  off,  26,600  bushels,  from  January  24th,  1844,  to  June  28th, 
the  time  of  beginning  the  second  excavation.  Of  the  earlier  job, 
it  is  enough  to  say  that  it  was  very  laborious,  owing  to  the  overlay 
to  remove,  of  7  to  8  feet,  which  was  double  the  thickness  of  the 
marl  below.  This,  my  first  excavation  here,  was  worked  upon  the 
plan  I  had  used  elsewhere ;  the  carts  descending  by  a  gently  graded 
slope  to  the  bottom  of  the  marl.  But  every  considerable  rain  caused 
the  loose  sand  and  gravel  to  fall  in  and  choke  the  small  drain  cut 
around  on  the  top  of  the  marl,  and  then  the  spring  and  rain  water 
flooded  the  pit ;  the  bottom  of  the  digging  (when  deep)  being  lower 
than  any  outlet  for  the  water.  The  many  such  disasters  which 
were  suffered  and  repaired,  and  the  consequent  losses  of  time  and 
labour,  induced  me,  for  the  next  work,  to  pursue  the  more  laborious, 
but  less  hazardous  plan  of  excavating  by  small  perpendicular  pits, 
as  described  in  the  foregoing  pages.  But  after  thus  working  out 
the  ranges  A,  B,  and  C,  I  thought  that  with  my  then  better  expe- 
rience, and  by  using  better  safeguards  than  before,  I  might  venture 
to  return  to  the  plan  of  graduated  excavations.  With  this  inten- 
tion, the  range  D  (Fig.  II.),  had  been  laid  off,  and  cleared  of  its 
overlay,  during  the  winter  and  spring  of  1845,  at  my  leisure  and 
convenience,  while  the  latter  excavations  of  the  range  C  were  still 
in  progress.  The  same  plan  has  been  since  continued,  with  im- 
provements, for  the  successive  and  adjacent  ranges,  E,  F,  and  Gr, 
which  last  is  not  quite  exhausted  of  its  marl,  at  this  time  (October 
1849),  and  another  range,  H,  has  nearly  been  cleared  of  its  'Over- 
lay, and  made  ready  for  its  excavation  to  be  begun.  It  will  be 
unnecessary  to  keep  separate  the  incidents  of  these  different  large 
workings,  when  referring  to  such  processes  as  may  be  deemed  worth 
being  mentioned.  The  natural  features  continued  the  same  as  to 
the  marl,  and  also  of  the  overlay,  excepting  its  increasing  in  thick- 
ness, as  the  distance  from  the  stream  was  extended.  The  different 
moans  used  for  saving  labour  were  mostly  adopted  in  the  working 
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of  the  first  graduated  range,  D,  in  1845 ;  but  some  of  them  were 
introduced  more  recently. 

The  range  D  (Fig.  II.),  when  completely  uncovered  and  ready  for 
the  carts  to  descend  into,  and  to  be  loaded  on  the  surface  of  the 
marl,  was  20  feet  wide,  including  the  space  for  the  narrow  drain 
along  its  land-side  (c,  d,  e,  e,)  for  the  greater  part  of  its  length — 
narrower  at  the  angle  (i)  and  then  widened  to  26  feet  at  lower  end, 
to  give  room  for  a  wagon  to  turn.  The  whole  length  was  255  feet ; 
but  of  this,  96  at  the  upper  end  (c,  d)  had  but  half  the  overlay 
removed  at  first;  the  earth  being  left  in  an  inclined  plane,  sloping 
downward  from  the  road  (gcf)  on  the  surface  of  the  land,  to 
the  surface  of  the  uncovered  marl.  The  thickness  of  the  overlay 
here  having  been  5  feet,  the  graded  road  served  to  rise  that  height 
in  96  feet  of  the  slope.  The  same  grade  was  not  exceeded  in  ex- 
cavating the  marl ;  and  it  would  have  served  to  descend,  if  required, 
two  feet  lower  than  the  usual  level  of  the  bottom  of  the  marl,  at 
the  lower  end  of  the  digging.  The  digging  and  removal  of  the 
marl  was  begun  at  the  lower  end  (i,  e,  x)  and  carried  on  in  succes- 
sive layers ;  but  always  keeping  the  floor  of  the  pit  sloping  down- 
ward towards  the  lowest  end  (a:),  and  also  laterally  towards  the 
land-side  (e,  e).  At  the  lower  end  was  a  short,  narrow  ditch 
(e,  «,)  serving  as  an  outlet  into  the  stream,  which  had  been  deep- 
ened so  as  to  be  lower  than  the  lowest  designed  digging.  Thus, 
whatever  water  might  get  into  the  digging,  from  rain-floods,  or 
from  the  side-drain  being  choked  by  caving  sand,  and  thereby  turn- 
ing in  the  spring-water,  it  would  necessarily  keep  to  the  lower  side, 
and  flow  out  at  the  lower  end  into  the  stream.  The  figures  11.,  III., 
and  rV.,  show  severally  the  horizontal  plan,  and  the  longitudinal 
and  cross  sections,  or  profiles  of  the  work. 

The  first  improved  operation  adopted  was  in  removing  the  over- 
lay, by  using,  where  practicable  and  convenient,  the  plough  to 
loosen  the  earth,  and  the  scraper  (such  as  is  used  for  road-making) 
to  move  it  into  the  finished  ranges  of  pitting.  The  difference  be- 
tween these  and  the  former  modes  of  hand-labour,  with  hoes,  picks, 
and  shovels,  was  not  accurately  observed,  nor  could  it  be ;  as  these 
large  operations  were  extended  through  several  months  (and  more 
lately,  through  a  whole  year),  at  such  irregular  times  as  labour 
could  be  best  spared,  and  especially  when  previous  rain,  snow,  or 
freezing  had  put  a  stop  to  usual  farming  operations.  Any  farmer 
can  nearly  enough  estimate  the  superiority  of  ploughing  over  hoe- 
ing to  loosen  earth.  The  hoeing  would  certainly  cost  four  times, 
and  perhaps  ten  times  as  much  as  ploughing.  The  scraper  is  also 
very  far  cheaper  than  shovels,  for  removing  earth  to  all  distances 
between  30  and  40  feet.  For  short  distances,  for  which  one  throw 
of  the  shovel  is  enough,  the  latter  is  the  cheapest.  The  excavation 
by  plough  and  scraper  was  not  only,  as  anticipated,  much  easier 
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Fig.  III. 

Longitudinal  Section  or  Profile  of  Graduated  Diggings  (at 
range  D,  in  Fig.  II.)  Scale  40  feet  to  inch. 


Explanations. 

a,  a.  Surface  of  ground,  and  level  of  highest  part  of  graded 
roadway. 

m,  m,  Overlying  earth,  6  feet  thick. 

n,  n.  Marl,  7  to  8  feet  thick. 

J,  s.  Green-sand  earth,  of  unknown  thickness. 

ffl,  0,  r.  Roadway,  descending  6  feet  in  96,  from  surface  of 
land  a,  to  bottom  of  marl,  r. 

■11,  11,  V,  Successive  perpendicular  excavations,  beginning  at  r, 
made  after  digging  down  to  tho  inclined  plane,  o,  r. 

n,  0,  Marl  either  excavated  like  v,  v,  or  subsequently  by  a  re- 
versed direction  of  descending  grade. 
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Tig.  rv. 

Cross  Section  or  Profile  of  Ch-aduaied  Diggings  (as 
of  range  G,  in  Fig.  II.)  Scale  20  feet  to  inch. 


Explanations. 

a,  a,  Surface  of  ground  (and'  overlay  of  next  range 
to  be  unooTered.) 

d,  d,  Former  extension  of  surface,  now  removed. 

m,  Overlying  earth,  here  7  feet  thick. 

n.  Marl,  8  feet  thick. 

s,  a,  s,  Green-sand  earth. 

G,  The  bed  of  marl,  here  removed  from  its  original 
height,  the  dotted  line  next  above  G  i,  to  the  line 
below — and  the  lower  part,  w,  i,  still  to  be  remo- 
ved, to  the  bottom,  at  s. 

i,  Small  drain,  to  intercept  and  lead  off  the  springs 
coming  out  of  m. 

t.  Lowest  graded  side,  or  drain,  to  receive  and  dis- 
charge accidental  floods  into  the  stream. 

0,  Wall  of  marl,  left  to  be  last  dug  out,  to  keep  out 
the  water  and  earth  from 

g,  p,  k,  Successive  fillings  of  previous  excavations,  by 
the  overlay  removed  from  the  next  uncovered. 
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where  the  overlay  was  dry  and  sandy,  but  also  lower  down  in  the 
wet  springy  gravel,  often  indurated  by  ferruginous  cement;  and 
even  to  some  extent,  in  the  wet,  miry,  and  sticky  clay  still  lower. 
Diificult  as  was  this  lowest  part  of  the  uncovering,  in  every  mode, 
the  scraper  took  up  the  clay,  and  let  it  drop  because  of  the  weight 
of  the  mass,  much  better  than  any  hand  utensils.  In  this,  the 
plough  was  not  needed,  nor  could  the  scraper  be  used  much,  because 
the  feet  of  the  horses  sank  through  both  the  miry  clay  and  the 
upper  thin  layer  of  soft  marl  (Fig.  I.),  and  would  have  worked  up 
both  together. 

But  the  plough  and  scraper  could  not  serve  for  all  the  overlay. 
Not  only  for  the  miry  clay  layer,  but  for  much  of  the  other  over- 
lay, either  because  of  its  texture,  or  its  place,  it  was  still  cheapest 
to  remove  by  hand  implements,  as  previously;  and  especially  for 
giving  the  final  shaping  to  the  opening.  If  the  job  had  been  con- 
tinuous and  regular,  and  the  labourers  all  able  men,  it  would  pro- 
bably have  been  cheaper  to  remove  the  whole  overlay  at  once  in 
wheel-barrows,  in  the  manner  of  excavating  for  canals  and  railroads. 
As  it  was  executed,  the  saving  of  labour  in  removing  the  overlay 
was  fully  one-half  of  the  former  cost. 

To  return  to  my  actual  labours.  As  soon  as  the  wet  gravel 
(Fig.  I.)  was  laid  naked,  the  land-side  outline  of  the  range  was 
marked  off,  and  a  narrow  ditch  (c,  d,  e,  e,  x,  Fig.  II.)  dug  along 
it  down  to  the  marl,  intercepting  the  numerous  small  springs,  and 
conveying  the  water  into  the  stream  (at  e,  x,  Fig.  II.).  After  re- 
maining thus  drained  for  some  weeks,  the  clay,  though  stiU  miry 
and  sticky,  is  worked  much  more  easily ;  and  in  later  operations, 
has  been  mostly  removed  in  carts,  which  were  drawn  upon  the  then 
partly  excavated  and  firm  marl.  The  scrapers'  work  had  pre- 
viously served  to  fill  the  sinks  and  pools  in  the  older  ranges,  with 
dry  sand  and  gravel ;  forming  a  drained,  firm,  and  nearly  level  sur- 
face, on  which  the  carts  parried  and  dropped  the  remaining  clay 
overlay. 

The  design  of  the  plan  of  operations  was  to  have  the  carts  to 
descend  upon  the  marl,  and  to  draw  loads  ultimately  from  the 
lowest  digging.  For  this  purpose,  as  has  been  stated,  part  of  the 
overlay  had  been  left  on  the  upper  end  of  the  range  (a,  m,  o,  Fig. 
III.),  forming  a  sloping  roadway  for  96  feet  of  length,  and  rising 
5  feet  in  that  distance,  from  the  marl  to  the  road  on  the  surface 
of  the  land.  A  few  yards  of  "  poling"  over  the  soft  clay  bottom 
layer  served  to  make  a  firm  passage  from  the  marl  to  the  dry 
sandy  earth.  The  marl,  except  its  upper  6  inches,  was  at  first 
firm  enough  for  the  loaded  carts ;  and  soon  became  dryer  and  firmer 
in  drying.  The  slope,  given  by  the  digging  and  removal  of  the 
marl,  descending  always  to  one  side  and  to  the  lower  end,  where 
there   was  a  discharging   outlet  into  the   stream  for  all  water, 
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served  to  keep  the  marl  as  dry  as  was  possible  for  a  naturally  moist 
and  extremely  absorbent  bed.  This  preservation  from  all  extra- 
neous water,  as  well  as  losing  some  of  its  own  by  exposure,  rendered 
the  marl  easier  to  dig  and  to  load,  and  something  lighter  of  car- 
riage. 

Further — the  digging  was  no  longer  impeded  by  the  necessity 
of  having  to  leave,  shape,  and  secure  cross-walls,  which  had  before 
caused  much  trouble,  and  much  loss  of  marl.  Now  there  there  was 
but  one  wall  to  be  left,  which  was  along  the  whole  length  (o,  Fig. 
IV.),  to  keep  out  the  earth  and  water  which  filled  the  old  diggings ; 
which  wall  was  afterwards  cut  down,  and  mostly  saved,  in  the 
closing  operations  of  each  range,  in  succession.  The  unlimited 
room  for  their  work  permitted  the  pit-men  to  dig  the  marl  in  much 
larger  masses,  which  saved  much  of  the  labour  of  digging,  and 
something  in  that  of  loading.  For  the  earthy  portion  of  this  marl, 
compact  as  it  is,  is  composed  of  thin  horizontal  laminae,  the  result 
of  slow  and  uniform  sedimentary  deposition.  In  consequence,  it 
may  be  cleared  in  the  direction  of  its  "grain"  much  more  easily 
than  cut  or  fractured  in  any  other  direction.  This  facility  is  best 
availed  of  when  a  wide  area  is  worked;  and  not  in  small  pits,  con- 
fined by  perpendicular  si3.es.  The  shovelling  was  also  much  easier — 
first,  because  the  marl  was  more  in  large  lumps,  and  less  in  a  finely 
reduced  state  than  before ;  and  secondly  and  mainly,  because  the 
height  of  the  cart  was  the  greatest  extent  to  which  it  had  to  be 
thrown,  instead  of  double  throwing,  as  before — and  the  throw  out 
of  the  pit,  which  at  the  maximum,  was  13  feet  in  height,  besides 
the  lateral  distance.  This  change,  taking  away  all  the  throwing 
•out  of  the  pit,  saved  much  more  than  one-half  of  the  pit  labour. 
The  average  quantity  of  marl  obtained  before  from  each  pit-man's 
daily  labour  was  148.42  bushels.  Now,  one  man  only  was  usually 
employed,  who  dug  for  the  carts  from  400  to  600  bushels  a  day. 
It  is  true,  that  he  was  now  relieved  from  assisting  to  load,  which 
work  was  put  upon  the  drivers.  In  the  closing  operations  of  the 
digging,  when  small  pits  still  hai  to  be  sunk,  and  through  the 
bottom  stony  layer,  and  the  marl  from  them  thrown  up  on  the 
sloping  roadway,  and  walls  to  cut  down,  the  result  of  the  pit-man's 
work  was  much  less.  But  even  then,,  when  the  difiiculty  was 
greatest,  the  least  amount  of  marl  obtained  was  160  bushels  for 
each  man  in  the  pit.  It  is  certain,  that  throughouf  the  whole  ex- 
cavation of  the  range,  the  pit-man's  labour  furnished  on  the  ave- 
rage more  than  twice  the  quantity  of  marl.  This  part  of  the  cost 
then  also  was  reduced  fully  one-half.  But  this  is  in  advance  of 
describing  the  later  of  the  operations  of  which  the  cost  was  so  re- 
duced. 

The  digging  down  and  removing  the  marl  in  the  pit  to  the  grade 
of  5  to  6  feet  depression  in  the  100  of  length,  served  to  reach  the 
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liottom  green-earth,  and  leave  it  naked,  for  the  extent  of  some  70  or 
80  feet  length  of  the  lower  end  of  the  range  (r,  in  Fig.  III.).  This 
completing  of  the  excavation  through  the  lowest  marl  was  begun 
at  the  lower  end,  where  is  the  outlet  for  water  from  the  pit.  And 
as  soon  as  each  successive  few  yards  in  length  had  been  so  deepened 
to  the  bottom,  the  side-wall  of  marl  was  cut  down,  and  its  marl 
mostly  saved.  Then,  indeed,  the  earth,  which  this  wall  had  been 
left  as  a  barrier  to  keep  out,  fell  in,  and  more  or  less  of  the  old  con- 
fined water  beneath  the  earth  flowed  in  also,  from  the  old  diggings. 
But  this  now  did  no  harm.  The  bottom  (green-earth)  where  the 
caving  earth  fell,  and  the  water  overflowed,  was  not  needed ;  and 
the  water,  after  rising  a  few  inches  thereupon,  passed  off  through 
the  outlet  into  the  stream.  The  next  few  yards  length  of  bottom 
marl  was  then  removed,  and  then  its  part  of  the  side-wall  taken 
down  in  like  manner,  until  the  whole  lower  70  or  80  feet  (z,  r, 
in  Fig.  III.)  had  been  taken  out,  including  its  adjoining  side-wall. 
Next,  the  lowest  part  of  the  sloping  roadway  of  marl  (v,  r,  Fig. 
III.)  was  dug  out,  the  carts  turning  and  loading  on  the  adjoining 
space  next  above,  which  also  was  next  dug  out.  Thus,  the  whole 
slope  of  marl  was  dug  out  in  the  manner  of  successive  perpendicu- 
lar pits  (v,  V,  V,  &c.),  each  of  the  full  width  of  the  range,  and  6 
or  8  feet  in  the  direction  of  the  range.  The  first  or  lowest  of  these 
perpendicular  diggings  was  not  a  foot  deep  at  the  upper  side.  Each 
increased  in  thickness,  until  the  last  and  highest  (o.  Fig.  III.)  at  be- 
ginning of  the  slope  of  the  overlay  forming  the  road,  was  8  feet  thick. 
Still,  though  this  digging  was  according  to  the  former  mode,  by 
perpendicular  pits,  this  operation  was  much  less  laborious ;  as  the 
throwing  up  of  the  marl  varied  in  height  from  less  than  one  foot, 
to  at  most  but  8.  As  fast  as  each  of  these  pits  was  finished  to  the 
bottom,  the  adjoining  part  of  the  side-wall  (o.  Fig.  IV.)  was  cut 
down,  and  as  much  saved  as  was  not  prevented  by  the  coming  in 
of  earth  and  water. 

The  thinner  part  of  the  overlay  forming  the  slope  (m,  o,  Fig. 
III.)  was  next  thrown,  in  successive  uncoverings,  into  the  last 
finished  pits,  and  the  marl  below  in  like  manner  dug  out.  But 
when  the  thickness  of  this  earth  had  reached  some  3  feet,  and  about 
50  feet  of  the  length  remained,  this  remnant  was  left  to  be  taken 
out  with  the  next  succeedirfg  range  of  marl ;  when  carts,  by  having 
a  longer  route,  could  descend  on  this  part  of  the  marl  by  a  slope 
made  in  a  reverse  direction  (as  space  h  oh,  in  ranges  E  and  F, 
Fig.  II.)  This  postponement  of  the  complete  uncovering  and  the 
digging  out  of  the  niarl  of  the  upper  50  feet  of  each  range,  for  the 
benefit  of  more  easy  access  at  a  later  time,  has  been  since  continued. 
It  is  including  all  these  more  costly  labours  with  the  principal  and 
usual  operation,  that  the  excavation  is  deemed  reduced  in  cost  fully 
one-half  of  that  of  the  former  mode. 
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The  labours  of  the  teams  and  their  drivers  were  slightly  increased 
by  the  change  of  plan.  The  carts  had  to  be  drawn  from  the  bot- 
tom of  the  digging,  and  also,  for  a  large  part  of  the  time,  from  the 
bottom  of  the  bed  of  marl.  But  the  ascent  was  so  gradual,  and 
the  way  so  firm,  that  no  greater  effort  was  made  necessary  than 
many  of  the  obstructions  on  the  nearly  level  ground,  of  roads  or 
field,  encountered  afterwards.  The  drivers  also  had  now  to  put  in 
the  whole  of  their  loads,  instead  of  being  assisted  by  a  pit-man,  as 
previously.^  But  because  of  the  greater  distances  in  1845,  and 
generally  since,  there  were  fewer  trips,  and  of  course  fewer  loads 
to  be  put  in  and  out,  which  kept  the  loading  labours  to  the  drivers 
nearly  the  same  in  general.  These  circumstances  then  added  no- 
thing to  the  former  cost  of  hauling  and  loading. 

Another  gain  was  made  in  increasing  the  loads  (by  heaping 
higher  in  the  carts),  from  the  heaviest  of  the  preceding  year  to  9 
bushels  for  the  single-mule  cart,  and  18  bushels  for  the  two-mule 
carts.  Of  the  latter,  one  was  now  regularly  worked,  and  two  others 
frequently,  and  found  to  be  much  preferable.  For  if  carrying  a 
double  quantity,  a  two-mule  cart  was  much  cheaper  than  double 
the  price  of  a  single-mule  cart ;  and  also  was  cheaper  in  working, 
than  two  small  carts,  in  requiring  one  driver  instead  of  two — 
though  a  driver  of  more  ability  and  value.  The  increase  of  loads 
to  9  bushels  to  the  mule  (whether  in  single  or  double  carts,)  had 
been  made  in  April  1845,  and  has  been  maintained  since,  when- 
ever the  ground  was  firm,  and  the  road  good.  Particularly,  the 
marling  mules  continued  regularly  to  haul  these  loads  through  all 
the  time  when  so  engaged  that  year,  until  in  September,  when 
marling  was  suspended.  They  kept  in  excellent  condition ;  and 
better  than  I  have  ever  had  the  ploughing  teams  during  summer. 
The  average  day's  travel,  in  hauling  marl,  had  also  been  increased, 
for  weeks  together,  to  as  much  as  26  miles ;  and  from  April  to 
September  was  not  less  than  an  average  of  25  miles.  Any  greater 
distance  was  not  desired ;  but  could  not  be  always  avoided,  when 
the  trips  were  very  long.  The  increasing  the  sizes  of  loads  made 
a  diminution  of  cost,  nearly  equal  to  one-ninth,  certainly  to  full 
one-tenth  of  the  previous  cost  of  transportation. 

The  values  of  the  several  diminutions  of  cost  of  labour  stated 
above  will  be  more  clearly  exhibited  by  comparative  statement  of 
the  expenses  in  1844,  before  presented,  and  those  of  1845. 
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Total  cost  of  applying  marl,  per  100  bushels,  at  the  average  dis- 
tance of  1433  yards  from  pit  to  field ;  or  with  25  miles  and 
138  yards,  of  total  daAly  travel. 


In  1844. 


In  1845. 


Cts. 
Labour  of  pit-man, 

for  100  bushels  .  26.00 
Carting  ....  44.26 
Throiring  off  overlay  13.00 
Spreading  marl  .     .    10.00 

Total  expense,  cents,  93.26 


Keduced  by 

Half,  or  . 
One-tenth 
One-half  . 


13.00 
4.42 
6.50 
0. 


Leaves  cost 


Cents. 

13.00 
.  39.84 
.  6.50 
.  10.00 


Total  expense,  cts.  69.34 
Former  cost     .     .  93.26 

Reduction  of  ex.  .23.92 


From  all  these  detailed  premises  tie  conclusion  has  been  reached 
that,  under  the  circumstances  stated,  or  others  not  of  greater  diffi- 
culty, the  total  cost  of  applying  marl  is  less  than  70  cents  for  the 
hundred  bushels — (69.34).  The  circumstances,  and  the  elements 
of  cost,  of  course  must  vary  with  every  locality,  and  even  frequently 
at  the  same  locality.  Nevertheless,  the  foregoing  estimates  and 
results  may  be  applied  to  any  other  operations,  with  due  allowances 
for  differences ;  and  thus  may  be  facilitated  the  calculations  of  the 
amounts  and  the  costs  of  other  marling  operations. 

From  my  large  experience,  not  only  of  the  years  1844  and  5, 
but  since  to  the  present  time,  there  can  be  no  doubt  of  the  ability 
of  carrying  1890  lbs.  (18  bushels)  of  marl  as  the  regular  loading 
of  a  two  mule  cart,  on  nearly  level  routes,  and  on  firm  ground  and 
good  roads ;  and  that  the  regular  and  continued  daily  travel  of 
the  carts,  from  pit  to  field  loaded,  and  returning  empty,  may  be 
25  miles  and  138  yards  each  day.  Upon  these  grounds,  it  will 
be  easy  to  calculate  the  cost  of  marling  at  any  greater  or  less  dis- 
tances than  the  average  of  mine  (2867  yards  from  pit  to  field  and 
back)  in  the  particularly  noted  trial  in  1844.  The  transportation 
is  usually  the  main  expense  of  marling.  This,  alone,  increases 
with  and  is  in  proportion  to  the  distance;  the  other  expenses  are 
not  affected  by  the  distance  of  carriage,  but  remain  in  proportion 
to  the  quantity  of  marl  carried  out,  under  like  circumstances. 
With  the  conditions  last  stated  (for  1845,  page  204),  my  expense 
for  carting  alone  of  100  bushels  of  marl,  in  trips  to  and  fro  of 
2867  yards  average  distance,  and  making  25  miles  and  138  yards 
of  total  travel  daily,  amounted  to  39.84  cents.  All  the  other  ex- 
penses of  applying  the  100  bushels  made  29.5  cents.  These  facts 
furnish  premises  upon  which  to  calculate  what  the  total  costs  would 
be  for  any  other  length  of  trips,  as  follows : 
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Carting  yards, 
Bushels.       to  and  fro. 
100  2867  coat 

1  2867 

1  1760  (1  mile) 

100  1760 


Total  cost  of  100  bushels,  trips  of  1  mile  to  and  fro,  53.96 

Upon  these  grounds  the  following  table  is  constructed,  showing 
the  cost  of  applying  100  bushels,  for  trips  to  and  fro  of  all  lengths 
from  1  mile  to  25 ;  or  of  distances  from  pit  to  field  of  half  the  ex- 
tent, or  from  half  a  mile  to  12 J  miles;  if  there  is  no  extra  travel 
to  be  included. 


Cents,  for 

Cents,  for  all 

carting. 

other  labours 

89.84 

and 

29.5  - 

0.3984 

0.2446 

24.46 

+29.5 
24.46 

Total  cost  of  100 

Xengthof 
■triptomid 

Costofoarangof  100 
bushels. 

Cost  of  all  other  lataurs. 

bushels  applied 
at  such  lengths 

ftp. 

of  travel. 

(Oenta.) 

(Cents.) 

(Cents.) 

("Uncovering     .     .     6.5") 

Miles. 

■]  Pit  work    ...  13.    ^ 

(^  Spreading 

.  .  10.  3 

1 

X24.46  = 

24.46     .... 

.     +29.5  =     53.96 

2 

X24.46  = 

48.92     .     . 

.     +29.5  =    78.43 

3 

X24.46  = 

73.38     .     . 

.     --29.5  —  102.88 

4 

X24.46  = 

97.84    .     . 

.     --29.5  =  127.34 

5 

X24.46  = 

122.30    .     . 

.     --29.5  =  151.80 

6 

X24.46  = 

146.76    . 

.     --29.5  =  176.26 

7 

X24.46  = 

171.22    .    . 

.     —29.5  =  201.72 

8 

X24.46  = 

195.68     .     . 

.     +29.5  =  225.18 

9 

X24.46  = 

220.14    . 

.     +29.5  ==  249.64 

10 

X  24.46  = 

244.60     . 

.     +29.5  =  274.10 

11 

X24.46  = 

269.06    . 

.     +29.5  =  298.56 

12 

X  24.46  = 

293.52     . 

.     +29.5  =  323.02 

13 

X24.46  = 

317.98     . 

.     +29.5  =  347.48 

14 

X24.46  = 

342.44    . 

.     +29.5  =  371.94 

15 

X24.46  = 

366.90     . 

.     +29.5  =  396.40 

16 

X24.46  = 

391.36     . 

.     +29.5  =  420.86 

17 

X24.46  = 

415.82     . 

.     .     +29.5  =  445.32 

18 

X24.46  = 

440  28     . 

.     +29.5  ==  469.78 

19 

X24.46  = 

464.74     . 

.     +29.5  =  494.24 

20 

X24.46  = 

489.20     . 

.     .     +29.5  =  518.70 

21 

X24.46  = 

513.66    . 

.     .     +29.5  =  543.16 

22 

X24.46  = 

538.12     . 

.     .     +29.5  =  567.62 

23 

X24.46  = 

562.58    . 

.     .     +29.6  =  592.08 

24 

X24.46  = 

587.04    . 

.     .     +29.5  =  616.54 

25 

X  24.46  = 

611.50    . 

.     .     +29.5  =  641.00 
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Thus  it  appears,  that  if  100  bushels  of  marl  had  been  carted  to 
12  J  miles  distance  from  the  pit  (making  the  trip  to  and  fro  25 
miles),  the  cost  of  carting  would  be  $6.11},  which  added  to  the 
other  fixed  expenses,  29.5  cents,  shows  the  total  cost  to  be  $6.41 
the  100  bushels. 

Superior  in  general  advantage  as  is  the  mode  of  working  of  marl 
in  large  graduated  excavations,  it  is  very  hazardous  in  wet  situa- 
tions, without  much  care.  The  liability  to  damage  is  especially 
great  when  the  work  of  an  unfinished  excavation  is  suspended 
through  winter.  Then  the  caving  in  of  the  side-walls,  both  of 
overlay  and  of  the  marl,  caused  by  frequent  rain  floods,  and  still 
more  by  the  frequent  alternate  freezing  and  thawing  of  the  exposed 
marl,  may  operate  first  to  choke  the  passage,  and  soon  to  crumble 
down  the  entire  side-drain.  The  outlet  of  water  from  the  pit  is 
thus  obstructed,  and  the  quantity  dammed  up  in  the  pit  converts 
the  caved  earth  and  marl  to  a  mire.  The  successive  freezing  and 
thawing  continues  to  throw  down  successive  layers  of  the  walls, 
serving  still  more  to  raise  the  water,  and  filling  the  pit  with  mire. 
It  has  happened  in  my  much  earlier  labours,  elsewhere,  that  the 
unfinished  bottom  of  large  spaces  of  marl  was  thus  so  covered  in 
deep  mire,  as  to  be  given  up,  because  not  worth  the  great  labour 
of  being  again  uncovered. 

The  surest  safeguard  against  such  dangers  is  to  complete  the  ex- 
cavations of  each  such  large  digging  before  freezing  weather ;  also 
to  throw  in  enough  of  the  next  overlying  earth  to  cover  the  naked 
upright  wall  of  marl,  and  thus  protect  it  from  freezing.  Then  the 
marl  under  the  sloping  roadways  may  be  safely  worked  through 
winter,  in  perpendicular  pits,  and  each  excavation,  as  soon  as 
finished,  filled  with  earth,  in  uncovering  another  space  of  marl. 

But  when  the  extent  of  the  range,  or  the  insufficiency  of  the 
force  compels  the  large  excavation  to  remain  unfinished  through  a 
winter,  other  means  may  be  used,  varying  according  to  the  features 
of  each  locality,  to  prevent  much  loss,  and  which  will  be  suggested 
by  the  peculiar  circumstances  to  the  mind  of  every  observing 
marler. 

In  removing  overlying  earth,  the  excavation  should  not  be 
limited  precisely  to  the  laying  naked  a  sufficient  surface  of  marl, 
and  leaving  the  section  of  earth  above  nearly  perpendicular.  Even 
if  there  is  no  likelihood  of  the  earth  so  left  caving  down  in  masses, 
and  endangering  the  labourers  below,  the  earth  will  be  washed 
down  by  every  rain  in  small  qantities;  and  crumbled  down  by 
alternate  freezing  and  thawing,  if  in  winter.  The  face  of  the  over- 
lying earth  should  be  cut  to  a  slope  (as  seen  in  Fig.  IV.)  Then 
if  a  layer  is  _  crumbled  by  freezing,  or  by  drying,  the  loose 
earth  is  kept  in  its  place  by  its  gravity.     It  is  even  cheaper,  or 
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more  convenient,  when  removing  the .  overlay  by  the  plough  and 
scraper,  to  cut  out  as  much  beyond  the  outline  of  the  designed  un- 
covering, as  will  give  the  slope  of  section  recommended. 

During  1846  and  1847,  the  next  ranges,  E  and  F  (Fig.  II.), 
respectively  of  22  and  25  feet  width,  and  each  increased  in  length, 
were  uncovered  and  excavated.  The  next  range  G  was  83  feet 
wide  throughout,  and  428  feet  long.  The  excavation  of  the  marl 
of  Gr  was  begun  in  January  1847,  and  was  not  entirely  completed 
by  October  1849.  At  that  time  there  had  been  uncovered  another 
still  longer  range,  H,  36  feet  wide  and  about  450  long,  which  was 
nearly  ready,  and  could  be  so  as  soon  as  required  to  begin  the 
excavation  of  the  marl.  This  last  uncovering  had  been  in  progress 
more  than  a  year,  having  been  worked  at  when  most  convenient  to 
spare,  or  to  apply  the  labour.  In  each  of  the  ranges  since  D,  the 
upper  end  of  the  marl,  for  50  feet  in  length,  had  been  left  to  be 
taken  out  with  the  next  succeeding  range,  for  greater  facility  in 
carting.  Therefore  so  much  of  the  range  G  still  remains  in  the  bed. 
[1849.]  All  the  ranges  excavated,  omitting  the  unfinished  part  of 
Gr  (and  all  of  H)  and  including  the  work  at  another  earlier  digging, 
have  furnished  the  following  quantities  of  marl,  as  estimated  by 
the  heaps  counted  on  the  fields. 


Carried  out 

in 

1844, 

heaped 

bushels. 

67,875 

tt 

(( 

1845, 

75,512 

11 

a 

1846, 

35,545 

11 

ti 

1847, 

42,575 

<e 

ti 

1848, 

55,106 

i( 

ti 

1849, 

56,169 

To  Dec. 

1850, 

(parts  of 

range  H.) 

34,684 

Total 367,466 

When  my  operations  at  this  place  ceased  (December,  1850),  there 
then  remained  more  than  half  of  the  marl  of  range  H  uncovered 
and  not  excavated. 
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CHAPTER  XXX. 

THE  PEOfiRESS  OF  MARLING  IN  YIKGINIA. 

Mt  designed  task  is  at  last  completed.  Whether  I  shall  be  able 
to  persuade  my  countrymen  to  prize  the  treasures,  and  seize  the 
profits  which  are  within  their  reach,  or  whether  my  testimony  and 
arguments  shall  be  fruitless,  soon  or  late  a  time  must  arrive  when 
my  expectations  will  be  realized.  The  use  of  calcareous  manures 
is  destined  to  change  a  large  portion  of  the  soil  of  lower  Virginia 
from  barrenness  to  fertility ;  which,  added  to  the  advantages  we 
already  possess — our  navigable  waters  and  convenient  markets,  the 
facility  of  tilling  our  lands,  and  the  choice  of  crops  offered  by  our 
climate — will  all  concur  to  increase  ten-fold  the  present  value  of 
our  land,  and  produce  more  farming  profit  than  has  been  found 
elsewhere  on  soils  far  more  favoured  by  nature.  Population,  wealth 
and  learning,  will  keep  pace  with  the  improvement  of  the  soil ;  and 
we  or  our  children  will  have  reason  to  rejoice,  not  only  as  farmers, 
but  as  Virginians,  and  as  patriots.     [1832.] 

Such,  as  appear  in  the  last  paragraph,  were  the  concluding  words 
of  this  essay,  as  published  in  1832,  and  substantially  as  the  work 
had  been  prepared  for  the  press  six  years  before  that  publication 
was  made.  Such  was  then  the  language  of  hope  and  anticipation. 
It  may  now  [1842]  be  both  interesting  and  useful  to  examine  to 
what  extent  such  hopes  and  sanguine  anticipations  have  been  so  far 
realized. 

Every  new  and  great  improvement  in  agriculture  has  had  to 
work  its  way  slowly  and  in  opposition  to  every  possible  discourage- 
ment and  obstacle.  It  would  seem  that  the  agricultural  classes  are, 
of  all  classes  and  professions,  always  the  least  ready  to  receive 
benefit  from  instruction-^ — the  most  distrustful  of  instructers,  and 
the  least  thankful  for  their  services — even  after  the  benefit  is  the 
most  completely  proved,  and  established  by  actual  practice  and  un- 
questionable facts.  The  novel  improvement  by  marling  has  not 
presented  an  exception  to  this  universal  rule.  But  still,  it  may 
be  confidently  asserted,  that  no  other  agricultural  improvement  has 
heen  so  rapidly  extended,  so  widely  and  generally  received  in  such 
short  time,  or  has  been  so  generally  and  greatly  profitable  to  all 
who  have  availed  themselves  of  the  benefits  thereby  offered  to  their 
acceptance.  When  my  first  trials  were  made  in  1818,  so  far  as  I 
then  knew,  I  had  no  forerunner  in  success.    For  the  few  and  small 
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and  long  abandoned  experiments,  then  known,  and  the  opinions 
deduced  therefrom,  stood  as  warnings  against,  and  not  in  the  least 
as  encouragements  to  repetition;  and  the  then  actually  proceeding 
use  of  marl,  silent  and  unknown,  and  to  small  extent  but  successful! 
had  not  even  been  heard  of.     A  few  more  years  served  to  dispel 
all  doubts  of  those  who  had  tried  or  could  witness  the  results  of  the 
applications  of  marl.     Still,  ignorance  of  the  mode  of  operation  has 
not  been  dispelled  by  the  knowledge  of  the  great  benefits  of  marl: 
and  therefore  the  grossest  errors  of  practice  accompanied  and  greatly 
lessened  the  full  advantages  of  the  continually  extending  use  of 
marl.     It  required  but  little  time  for  all  to  learn  and  assent  to  the 
propriety  of  the  one  main  and  simple  instruction,  "apply  marl;" 
but  few  would  consent  to  learn  anything  else  ;  or  would  believe  that 
there  was  anything  else  necessary  to  learn  or  to  do,  except  merely 
to  "  apply  marl."     They  would  not  learn  from  anything  but  their 
own  dearly  bought  experience  of  error.    And  very  many  have  thus 
learned,  and  have  paid  the  cost  to  their  own  pecuniary  loss  of  thou- 
sands of  dollars  in  value — whether  in  delay  by  misapplied  effort,  or 
m  positive  loss  and  injury  sustained  by  wrong  practice^whioh  the 
outlay  of  a  few  dimes,  and  the  attentive  reading  for  a  few  hours, 
might  have  effectually  guarded  them  against.     And  so  it  still  goes 
on,  and  will  go  on,  with  all  who  are  new  beginners  and  learners, 
and  who  have  not  yet  paid  each  their  hundreds  or  thousands  of 
dollars  in  loss,  in  preference  to  less  than  as  many  cents,  in  both 
money  and  labour,  in  acquiring  proper  instruction,  and  security 
from  all  such  loss. 

But  with  all  such  enormous  drawbacks  of  loss,  which  if  avoided 
would  have  doubled  the  actually  achieved  benefits,  the  extension 
of  marling  and  liming,  and  the  amount  of  benefit  thence  derived 
and  realized  in  lower  Virginia,  since  1818,  have  had  no  precedent 
in  the  annals  of  agricultural  improvement  by  any  mode  of  manuring. 
The  following  extract  from  a  more  general  report,  recently  made  by 
the  writer  to  the  State  Board  of  Agriculture  (in  1842),  will  present 
this  branch  of  the  subject  in  its  proper  aspect. 

"Marling,  or  manuring  from  beds  of  fossil  shells.— This  mode  of  fertiliza- 
tion, now  so  general  through  all'  the  marl  region  of  lower  Virginia,  was  not 
practised  except  on  three  or  four  detached  farms,  and  that  to  but  small  ex- 
tent before  1820.  Some  few  and  small  experimental  applications  of  marl 
had  indeed  been  made  by  different  individuals,  from  15  to  as  far  back  as 
45  years  earlier ;  but  which  applications,  from  total  misconception  of  the 
true  mode  of  action  of  calcareous  manures,  had  been  deemed  failures ; 
and,  without  exception,  had  been  abandoned  by  the  experimenters  as 
worthless ;  and  the  experiments  had  been  almost  forgotten,  until  again 
brought  to  notice,  after  and  in  consequence  of  the  much  later  and  fully 
successful  introduction  of  the  practice. 

"  Henley  Taylor  and  Archer  Hankins,  two  plain  and  illiterate  farmers, 
and  near  neighbours  in  James  City  county,  were  the  earliest  successful  and 
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continuing  appliers  of  marl  in  Virginia.  But  at  irhat  time  they  began,  and 
■wliich  of  tliem  was  the  first,  I  have  not  been  able  to  learn;  though  visiting 
Mr.  Hankins'  farm  for  that  purpose,  as  well  as  to  see  his  marling,  and 
making  inquiries  of  him  personally,  in  1833.  Mr.  Taylor  had  then  been 
long  dead,  and  his  improvements  said  to  be  almost-lost,  by  the  exhausting 
tillage  of  the  then  occupant  of  his  land.  Mr.  Hankins  was  unable  to  say- 
when  he  and  his  neighbour  began  to  try  marl.  He  was  only  certain  that  it 
was  before  1816.  Yet,  though  these  farms  are  T^ithin  12  or  15  miles  of 
"Williamsburg,  to  which  place  I  had  made  visits  once  a  year  or  oftener,  yet 
I  never  heard  an  intimation  of  their  having  begun  such  practice,  until  some 
time  after  my  own  first  trials  in  1818.  At  that  time,  when  led  to  the  use, 
as  I  was,  altogether  by  theoretical  views,  and  by  reasoning  (in  advance)  on 
the  supposed  constitution  of  the  soil,  as  well  as  the  known  constitution  of 
the  manure,  it  would  have  been  to  me  the  most  acceptable  and  beneficial 
information  to  hUve  heard  that  any  other  person  had  already  proved  prac- 
tically the  value  of  marling.  The  slow  progress  of  the  knowledge  of  the 
mere  fact  of  marl  having  bfeeu  successfully  used  before  that  time,  was  a 
strong  illustration  of  the  then  almost  total  want  of  communication  among 
farmers,  as  well  as  of  their  general  apathy  and  ignorance  in  regard  to  the 
means  of  improving  their  lands.* 

' '  Much  earlier  than  the  commencement  of  marling  in  James  City,  the 
practice  had  .been  commenced  (in  1805),  in  Talbot  county,  Maryland,  by 
Mr.  Singleton.  His  account  of  his  practice  is  in  the  4th  volume  of  the 
'  Memoirs  of  the  Philadelphia  Agricultural  Society,'  dated  December  31, 
1817,  and  first  published  some  time  in  1818.  But  successful  as  was  his 
practice,  and  also  that  of  Mr.  Taylor  and  Mr.  Hankins  in  connexion  with 
much  worse  fai'ming,  it  is  certain  that  neither  of  these  individuals  had  the 
least  idea  of  the  true  action  of  marl ;  and  they  were  indebted  to  their  good 
fortune,  more  than  to  any  exercise  of  reasoning,  that  they  received  profit- 
able returns,  and  did  no  injury  by  marling.  They  all  three  applied  their 
putrescent  manures  with  the  marl.  But  though  this  was  the  safest  and 
most  beneficial  plan,  the  thus  uniting  them  prevented  the  separate  action 
and  value  of  putrescent  and  .calcareous  manures  being  known,  compared, 
and  duly  appreciated. 

"  My  own  application  of  marl,  on  Coggins  Point  farm,  Prince  George 
county,  which  in  1818  extended  only  to  15  acres  (of  which  but  3  or  4  were 
under  the  crop  of  that  year),  by  1821  had  been  increased  to  above  80  acres 
a  year,  and  so  continued  until  nearly  all  the  then  arable  land  on  that  farm 
requiring  it  (more  than  600  acres),  had  been  covered.  In  1821,  my  earliest 
publication  on  the  subject  was  made.  Though  the  facts  and  reasoning  thus 
made  known  by  that  time  were  beginning  to  attract  much  notice,  and  to 
induce  many  persons  to  begin  to  marl,  still  it  was  some  years  later  before 
incredulity  and  ridicule  had  generally  given  place  to  full  confidence  in  the 
value  of  the  improvement.  Even  at  this  time,  when  nearly  25  years  of  my 
own  experience  of  marling  and  its  benefits  have  passed,  and  the  results  are 
open  to  public  notice  and  scrutiny,  half  the  persons  who  could  marl  are 
either  not  engaged  at  it,  or  are  marling  to  but  little  purpose  ;  and  of  all 
who  are  using  marl,  nineteen  in  twenty  are  proceeding  injudiciously,  with- 
out regard  to  the  mode  of  operation  of  the  manure,  and  therefore  are  either 
doing  harm,  or  losing  profit,  almost  as  often,  though  in  less  degree,  as 
doing  good.  At  this  time,  however,  there  are  scarcely  any  persons,  how- 
ever negligent  or  mistaken  in  practice,  who  do  not  fully  admit  the  great 
value  and  certain  profit  of  applying  marl,  wherever  it  is  available. 

*  See  a  more  full  account  at  page  108,  vol.  i.,  Farmers'  Register. 
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"But  Tvith  aU  the  existing  neglect  of  using  this  means  of  fertilization, 
ana  with  all  the  still  worse  ignorance  of  or  inattention  to  its  manner  of 
operating,  there  never  has  been  a  new  improvement  in  agriculture  more 
rapidly  extended,  or  with  such  beneficial  and  profitable  results.  In  Prince 
George  county  there  is  not  one  farmer  having  marl  on  or  near  his  land, 
who  has  not  apphed  it  to  gi-eater  or  less  extent,  and  always  with  more  or 
less  profit— and,  in  most  cases,  largely  as  well  as  profitably.  In  James 
City  county  there  has  been  perhaps  the  next  largest  as  well  as  the  oldest 
practice.  In  York  county,  as  in  James  City,  some  of  the  most  valuable 
and  profitable  improvements  by  marling  have  been  made.  And  some  of 
the  farms  of  both  counties,  adjoining  Williamsburg,  and  having  the  benefit 
of  putrescent  town  manures,  show,  more  strikingly  than  any  others  known; 
the  remarkable  power  of  calcareous  manure  to  fix  the  putrescent  in  the 
soil,  and  make  them  more  efficient  and  far  more  durable.  In  Surry,  Isle 
of  Wight,  Nansemond,  Charles  City,  New  Kent,  Hanover,  King  William, 
King  and  Queen,  Gloucester,  and  Middlesex  counties,  in  the  middle  of  the 
marl  region  of  Virginia,  marl  has  been  already  extensively  applied,  and  the 
profits  therefrom  are  annually  increasing.  And  in  other  surrounding  coun- 
ties, less  abundantly  supplied  with  marl,  the  practice  has  been  carried  on 
in  proportion  to  the  facilities,  and  to  the  more  scanty  experience  and  degree 
of  information  on  the  subject.  It  would  be  a  most  important  statistical 
fact,  if  it  could  be  ascertained  how  much  land  in  Virginia  has  already  been 
marled.  The  quantity  however  is  very  great ;  and  all  the  land  marled  has 
been  thereby  increased  in  net  product,  on  the  general  average,  fully  8 
bushels  of  corn  or  oats,  or  4  bushels  of  wheat,  if  following  corn,  and  the 
land  increased  in  intrinsic  value  fully  200  per  cent,  on  its  previous  value 
or  market  price.  Where  the  marling  has  been  judiciously  conducted,  these 
rates  of  increase  have  been  more  than  doubled.  From  these  data,  might 
be  calculated  something  like  the  ab'eady  prodigiously  increased  values 
and  products  due  solely  to  marling,  and  which  will  be  still  more  in- 
creasing from  year  to  year.  If  not  already  reached,  the  result  will  soon  be 
reached,  of  new  value  to  the  amount  of  millions  of  dollars  having  been  thus 
created.  ***** 

"  It  required  the  improvement  by  marling,  on  originally  poor  and  mid- 
dling soUs  (or  liming,  which  in  final  or  general  results  is  the  same  thing), 
to  render  as  generally  available  the  best  (and  otherwise  but  rarely  found) 
benefits  of  the  two  kinds  of  vegetable  manuring  recommended  by  Taylor. 
When  such  soils  have  been  made  calcareous,  by  marling  or  liming,  then, 
and  not  until  then,  all  the  benefits,  present  and  future,  that  his  readers 
might  have  been  induced  to  expect,  may  be  confidently  counted  upon.  In 
my  own  earlier  practice — and  Taylor  had  no  greater  admirer,  or  more  im- 
plicit follower — I  found  my  farm-yard  manurings  on  acid  soils  scarcely  to 
pay  the  expense  of  application,  and  to  leave  no  trace  of  the  effect  after  a 
very  short  time.  And  land,  allowed  to  receive  for  its  support  all  its  vege- 
table growth  (of  weeds  and  natural  grass)  of  two  and  a  half  years  in  every 
four,  and  the  products  in  corn  having  been  measured  and  compared,  showed 
no  certain  increase  in  more  than  twenty  years  of  such  mild  treatment. 
Since,  on  the  same  fields,  farm-yard  manures,  in  every  mode  of  prepara- 
tion and  application,  always  tell  weU,  both  in  early  effect  and  in  duration. 
And  even  the  leaves  raked  up  on  wood-land,  spread  immediately  and  with- 
out any  preparation  as  top-dressing  on  clover,  always  produce  most  mani- 
fest improvement,  and  are  believed  to  give  more  tiet  profit  than  any  appli- 
cation of  the  much  richer  farm-yard  manure,  per  acre,  made  on  like  land 
before  it  is  marled.  This  utilizing  and  fixing  of  other  manures,  and  the 
fitting  land  to  produce  clover  (and  to  receive  benefit  from  gypsum  on  clo- 
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¥er),  which  effects  of  marling  are  in  addition  to  all  the  direct  benefit  pro- 
duced, would  alone  serve  to  give  a  new  face  to  the  agricultui-e  of  the 
country.  Whatever  may  be  done  by  clover,  and  almost  every  thing  that 
can  be  done  to  profit  by  vegetable  manures,  on  the  much  larger  propor- 
tion of  the  lands  of  lower  Virgina,  will  be  due  to  the  application  of  mail 
or  lime. 

"  Liming. — The  kindred  improvement  by  liming  began  to  be  extensively 
practised  on  some  of  the  best  James  river  lands,  where  no  marl  was  found, 
soon  after  the  use  of  the  latter  began  to  extend.  Who  may  have  made 
the  earliest  and  small  applications  of  lime  is  not  known,  nor  is  it  at  all  im- 
portant. The  earlier  profitable  use  of  lime  in  Pennsylvania,  and  the  much 
earlier  and  more  extended  use  in  Britain,  were  known  to  every  well  in- 
formed or  reading  farmer.  Such  a  one  was  Fielding  Lewis,  of  Charles  City, 
as  well  as  a  most  attentive,  judicious,  and  successful  practical  cultivator 
and  improver.  He  is  believed  to  have  been  the  earliest  considerable  limer, 
and  the  one  who  obtained  the  most  manifest  profits  therefrom,  and  whose 
example  had  most  efi'ect  in  spreading  the  practice.  Some  of  his  disciples 
and  followers  have  since,  in  greater  rapidity  and  wider  extent  of  opera- 
tions, far  surpassed  their  teacher  and  leader — to  whom,  however,  they 
award  the  highest  meed  of  praise  for  bringing  into  use,  and  establishing, 
this  great  benefit  to  the  agriculture  of  lower  Virginia.  Nearly  all  the  best 
soils  on  James  river  are  comparatively  of  low  level,  as  if  of  ancient  alluvial 
formation,  and  have  no  marl,  with  which  the  neighbouring  higher  and 
poorer  lands  are  mostly  supplied.  Of  such  rich  lands  are  the  farms  of  Wey- 
anoke,  Sandy  Point,  Westover,  and  Shirley,  &o.,  in  Charles  City,  and 
Brandon  (Upper  and  Lower),  in  Prince  George — and  on  aU  these  lauds,  as 
well  as  some  others,  Ume  has  been  largely  applied.  The  use  is  extending 
to  the  lands  on  and  near  to  all  the  tide-waters  of  the  state  ;  and  it  has  re- 
cently received  a  new  impulse  from  the  low  price  at  which  northern  stone- 
lime  is  now  brought  and  sold.  It  is  ready  slaked,  and  the  vessels  are 
loaded  in  bulk.  The  lime  is  sold  on  James  river  at  10  cents  the  bushel, 
and  even  may  be  contracted  for  at  8  cents,  from  vessels  that  come  for  car- 
goes of  wood,  and  would  come  empty  but  for  bringing  lime.  The  greater 
lightness  and  cheaper  transportation  of  lime  wiU  enable  it  to  be  applied 
where  marl  could  not  be  carried  with  profit ;  and  with  the  two,  there  will 
be  but  little  of  lower  Virginia  which  may  not  be  profitably  improved  by 
calcareous  manures."* 

With  all  the  caution  proper  to  be  used  in  a  report  made  to  a 
Board  of  Agriculture,  aM  through  it  to  the  government  of  th« 
commonwealth,  the  writer  dared  to  predict,  in  1842  (as  quoted 
above),  of  the  increased  value  of  lands  caused  by  marling,  that  "  if 
not  already  reached,  the  result  will  soon  be  reached,  of  new  value 
to  the  amount  of  millions  of  dollars  having  been  thus  created." 
Because  of  the  then  deficiency  of  statistical  and  documentary 
evidence  (since  partially  and  imperfectly  supplied),  he  was  not 
then  aware  that  this  prediction  had  already  been  more  than  fulfilled. 

*  Extract  from  "Report  to  the  State  Board  of  Agriculture,  on  the  most 
important  improvements  of  agriculture  in  lower  Virginia,  and  the  most 
important  defects  yet  remaining."  Published  by  order  of  the  General 
Assembly,  as  a  state  document,  and  also  in  Farmers'  Register,  p.  257, 
vol.  X. 
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The  message  of  the  present  Governor  of  Virginia  to  the  legislature, 
m  January,  1852,  stated,  upon  the  evidence  of  official  documents, 
that  the  assessed  values  of  lands  in  th6  tide-water  district,  had  been 
increased  more  than  17  millions  of  dollars  in  the  twelve  years  pre- 
ceding the  last  assessment  of  1850.  The  governor  properly  ascribed 
this  increased  value  of  lands  of  this  region  to  the  recent  fertilization 
of  particular  portions.  With  all  well-informed  residents,  or  those 
acquainted  generally  with  the  past  and  present  circumstances  of 
this  region,  there  will  be  no  question  as  to  the  whole  of  the  in- 
creased value  being  due  to  the  use  of  calcareous  manures.  For 
before  the  introduction  of  this  still  recent  practice,  both  the  intrinsic 
and  the  market  values  of  lands  had  decreased — as  they  have  con- 
tinued since  to  decrease  in  the  neighbouring  counties  in  which 
there  has  been  very  little  or  no  use  of  marl  or  lime.  All  other 
improvements  of  agricultural  practices,  great  as  they  certainly  have 
been,  have  not  sufficed  to  replace  the  productive  power  wasted  by 
the  generally  exhausting  tillage. 

But  great  as  is  this  declared  general  increase  of  value  of  the 
lands  of  this  tide-water  region  alone — and,  as  I  maintain,  from  the 
effiicts  of  calxing  alone — it  is  not  near  so  much  as  can  be  truly 
asserted,  and  satisfactorily  proved  from  the  public  documents  and 
statistical  tables,  defective  as  they  are  for  this  course  of  investiga- 
tion. This  is  not  the  place  to  oJBFer  in  detail  the  authorities  and 
proofs  of  these  important  facts.  But  this  shall  be  done  in  another 
paper,  which  will  be  a  communication  to  the  State  Agricultural 
Society.  In  that  paper  I  will  maintain,  and  ezpect  to  establish, 
the  following  propositions,  of  which  the  enunciation  will  be  here 
stated  concisely,  in  advance  of  the  proofs,  and  deductions  therefrom, 
which  will  hereafter  appear  : 

1.  The  parts  of  lower  Virginia,  long  settled  and  cultivated,  and 
also  the  neighbouring  upper  counties,  had  been  decreasing  in  pro- 
duction, in  population,  and  especially  in  productive  or  labouring 
population,  in  wealth  generally,  in  the  intrinsic  or  productive  value, 
and  also  the  selling  and  assessed  values  of  lands,  for  more  or  less 
time,  previous  to  the  commencement  of  the  improvement  by  marl- 
ing; and  such  decrease  has  continued  to  this»time,  and  is  still  pro- 
ceeding, wherever  there  has  been  no  marling  or  liming. 

2.  In  the  counties  in  which  most  land  has  been  improved  by 
marling  or  liming,  and  only  since  these  improvements  were  in  pro- 
gress, there  has  been  a  marked  change  from  the  former  declining 
condition,  just  stated,  to  increase  of  value  of  lands,  of  wealth  gene- 
rally, and  of  products  of  taxation — and  as  a  later  and  as  yet  less 
advanced  effect,  an  increase  of  population  also. 

3.  This  change  from  decrease  to  increase  of  the  values  of  lands, 
though  not  indicated  by  official  documents  earlier  than  the  assess- 
ment of  1838,  (there  having  been  no  previous  assessment  later  than 


360  EFFECTS  ON  PUBLIC   INTERESTS. 

that  of  1819),  had  in  fact  begun  about  1828,  when  there  existed  a 
much  lower  state  of  depression  of  production  and  of  value ;  from 
which  lower  rate,  and  earlier  time,  the  selling  value  of  lands,  and 
much  more  the  productive  or  intrinsic  value,  had  been  increasing 
for  22  years  preceding  the  last  assessment  of  1850 — and  (at  least) 
to  the  amount  of  nearly  30  millions  of  dollars;  instead  of  17i 
millions  increase  in  12  years,  as  computed  in  the  governor's  mes- 
sage. 

4.  All  this  stated  increase  of  value  of  lands  is  much  less  than  is 
the  actual  increase ;  and  though  stated  as  for  the  whole  tide-water 
district,  in  truth  it  has  been  achieved  upon  a  very  small  proportion 
of  the  surface  of  that  district — the  great  remainder  (more  than 
twenty  times  as  much  in  quantity) — still  being  without  any  such 
improvement,  or  increase  of  either  assessed  or  productive  value. 
Even  on  the  very  small  proportion  marled  or  limed,  the  improve- 
ments are  of  less  than  half  the  value  which  judicious  procedure 
would  have  effected,  and  earlier,  at  less  cost,  and  also  permanently. 
Hence,  the  actual  calxings  may  yet  be  doubled  in  effect  and  value, 
and  twenty  times  as  much  space  may  be  raised  to  like  increased 
production  and  value. 

5.  Therefore,  the  admitted  newly  created  value  of  land,  of  17i 
millions  of  dollars  between  the  two  latest  assessments,  and  the  as- 
serted increase  of  nearly  30  millions  from  1828,  are  both,  beyond 
comparison,  far  below  the  available  increase  for  the  whole  of  the 
tide-water  district  alone — to  say  nothing  of  the  other  parts  of  Vir- 
ginia, improvable  by  like  means.  The  whole  available  increase 
of  value  on  lands  alone,  and  for  the  tide-water  district  alone,  on  the 
premises  stated,  may  reach  to  500  millions  of  dollars — with  pro- 
portional increase  of  value  of  other  farming  capital  and  connected 
movable  property,  and  of  population  and  products  of  taxation. 

Enormous  or  incredible  as  these  predicted  results  may  appear,  I 
maintain  that  there  is  more  ground  now  to  expect  the  complete 
fulfilment  within  the  next  35  years,  than  there  was,  35  years  past, 
in  the  then  desperate  condition  of  agriculture,  to  expect,  not  only 
the  now  actual  increase  of  values  in  lower  Virginia,  but  even  any 
smaller  general  increase.  The  main  thing  needed  to  aid  and  hasten 
the  fulfilment  should  be  a  measure  which  heretofore  has  been  en- 
tirely neglected  and  scornfully  refused,  in  this  and  in  all  other 
relations  to  agriculture,  viz. :  that  the  government  of  Virginia 
shall  in  proper  manner  induce  investigation,  and  encourage  the 
diffusion  of  knowledge,  in  this  and  every  other  department  of  agri- 
cultural research  and  labour.  ' 

In  the  report,  part  of  which  was  quoted  above,  it  was  recom- 
mended, and  again  more  formally  in  the  general  report  of  the  Board 
of  Agriculture  to  the  legislature,  that  the  amount  of  land  mai'led 
and  limed  should  be  obtained  by  the  commissioners  of  the  revenue, 
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and  reported  by  the  government.  This  small  and  costless  aid  to 
agricultural  knowledge,  and  encouragement  to  further  improvement 
(aswell  as  all  aid  of  greater  value),  the  legislature  of  Virginia  denied. 
If  it  had  been  granted,  and  thereby  had  been  shown  the  real  extent 
of  these  improvements  in  every  county,  and  even  as  it  might  be  on 
every  farm,  these  facts,  in  connexion  with  the  values  shown  by  the 
different  assessments,  would  have  exhibited  clearly  and  fully  the 
results  which  can  now  only  be  inferred  generally,  loosely,  and  ac- 
companied necessarily  by  many  errors.  Such  important  results, 
so  fully  established,  and  made  so  obvious  to  all,  would  have  operated 
more  strongly  than  any  and  all  other  existing  incitements,  to  en- 
courage the  extension  and  the  judicious  procedure  of  improvements 
by  calcareous  manures.  It  would  then  clearly  appear  which  in- 
dividuals had  secured  to  themselves  this  30  millions  of  dollars  of 
already  increased  value  of  property,  and  by  what  easy  means.  And 
all  other  persons,  who  could  follow  the  example,  and  secure  their 
shares  of  as  rich  rewards,  would  be  imperatively  called  to  use  the 
like  procedure,  and  so  obtain  the  like  benefit  for  themselves  and 
for  the  commonwealth.  It  would  have  been  to  the  before  and  still 
listless  and  inert  proprietors  and  cultivators  of  our  poor  and  unim- 
proved lands  similar  in  effect  with  the  first  announcement  of  the 
gold  of  California  being  ready  for  every  needy  adventurer  who 
was  able  to  go  and  dig  for  it.  In  the  use  of  calcareous  manures,  on 
all  the  poor  or  exhausted  land  where  their  use  is  available,  there 
are  offered  rewards  to  all  judicious  adventurers  far  richer,  and  more 
certainly  and  largely  productive,  than  the  golden  products  of  Cali- 
fornia— and  the  former  would  be  as  much  conducive  to  public  and 
private  weal,  as  the  gold  of  California  has  been  and  will  be  in- 
jurious to  both. 
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APPENDIX. 


INTRODtrCTOKY    EEMAEKS. 

In  the  foregoing  exposition  of  theory  and  practice,  it  has  been 
the  object  and  effort  of  the  author  to  embrace  whatever  seemed 
necessary  for  proof  or  for  illustration ;  and  to  omit  everything  else, 
lest  too  much  of  amplification  or  digression  should  weaken  rather 
than  strengthen  the  main  positions.  Thus  it  is  believed  that  the 
foregoing  chapters,  as  argument  and  proof,  serve  to  establish  the 
series  of  propositions  which  were  at  first  advanced  and  throughout 
contended  for.  Still  there  remained  many  minor  but  interesting 
subjects,  more  or  less  intimately  connected  with  the  investigation, 
or  serving  for  more  full  proof,  and  which  well  deserved  more  ex- 
tended discussion,  and  the  consideration  of  those  readers  who  should 
desire  to  pursue  farther  the  general  object  of  this  essay.  These 
subjects  will  be  treated  separately  in  the  different  articles  of  this 
appendix ;  which  may  be  read,  it  is  believed,  with  both  interest  and 
benefit  by  the  more  inquiring  class  of  readers ;  or  may  be  passed 
over,  by  the  more  cursory  and  careless,  without  much  detriment  to 
the  arguments  and  facts  of  the  preceding  portion  and  regular  body 
of  the  work. 


NOTE  I. — Extension  of  the  subject  of  pages   92 — 97. 

Additional  proof,  offered  in  the  production  and  existence  of  Mack 
waters,  of  the  action  of  lime  in  combining  vegetable  matters  with 
soil. 

Every  person  who  has  seen  much  of  the  different  parts  of  lower 
Virginia  (to  go  no  farther  for  examples),  must  have  remarked  the 
dark  permanent  colour  of  the  waters  of  many  streams  and  mill- 
ponds  ;  and  that  others,  whether  when  clear  or  when  turbid,  are  at 
all  times  and  entirely  without  any  tinge  of  this  peculiar  colouring 
matter.  The  waters  thus  coloured  by  vegetable  matter  are  more 
deeply  tinted  at  some  times  than  at  others;  but  are  always  strongly 
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I,  thus  marked.  These  waters,  when  several  feet  in  depth,  appear  to  the 
eye  quite  black  or  very  dark  brown.  The  same  if  viewed  in  a  drink- 
ing glass  would  appear  of  the  colour  of  Sherry  wine,  and  might 
present  some  shade  between  the  palest  and  deepest  tints  of  such 
wine.  This  colour  has  nothing  of  muddiness ;  for  these  waters  are 
as  clear  from  suspended  clay  or  mud  as  any  other  waters  not  so 
coloured  in  the  slightest  degree.  In  the  county  in  which  nearly 
all  my  life  has  been  passed,  Prince  George,  these  different  kinds  of 
waters  are  to  be  seen  in  stronger  contrast,  because  of  their  close 
neighbourhood.  All  the  streams  which  flow  into  Blackwater  river, 
as  well  as  the  main  stream  which  that  name  so  well  describes, 
from  its  head  to  its  outlet,  are  coloured  deeply,  and  it  is  believed 
without  exception.  On  the  contrary,  the  streams  which  flow  into 
James  river  are  all  without  the  least  tint  of  colour,  though  they 
often  rise  from  sources  very  near  to  some  of  the  others,  the  head- 
springs being  on  opposite  sides  of  the  same  dividing  ridge  of  level 
table  land,  and  in  lands  precisely  alike.  Some  of  these  lands  are 
of  close  and  stiff  soil,  and  some  more  sandy  and  quite  light ;  but 
all  are  level,  poor,  and  acid  lands,  and  are  mostly  still  under  forest 
growth. 

All  persons,  whether  of  the  most  or  the  least  observant  class, 
would  concur  in  the  opinion  that  this  colour  proceeds  from  vegeta- 
ble matter.  This  is  obvious  even  in  the  waters  of  heavy  rains, 
which  when  more  than  the  level  ridge  lands  can  absorb,  flow  off, 
and  are  sometimes  for  a  day  or  more  thus  passing  in  temporary 
streams  to  the  nearest  valley,  or  other  descent.  These  surplus 
waters,  while  yet  on  the  highest  woodland,  are  coloured  to  a  greater 
or  less  'depth  of  tint;  and  just  as  much  in  those  which  take  their 
course  towards  James  river,  as  the  others  which  flow  in  the  opposite 
direction  to  the  Blackwater.  The  difference  is  that  the  former  soon 
lose  all  such  colouring  matter,  and  in  no  case  carry  it  to  or  even 
near  James  river,  whilst  the  other  waters  increase  in  depth  of 
colour  with  the  length  of  their  course,  or  the  duration  of  time  they 
remain  in  the  mill-ponds  they  pass  through,  or  in  the  sluggish  Black- 
water  river. 

The  supply  of  colouring  matter  is  principally  furnished  by  the 
dead  aQd  fallen  leaves  in  the  poor  forest  land,  and  is  doubtless  in- 
creased afterwards,  both  by  the  partial  evaporation  of  the  water, 
and  by  its  dissolving  still  more  of  the  soluble  vegetable  extract  in 
the  flat  swampy  grounds  through  which  the  streams  flow  into  the 
Blackwater.  This  might  indeed  satisfactorily  account  for  these 
paters  being  more  deeply  coloured  than  those  which  pass  by  a  more 
rapid  descent  to  James  river.  But  these  different  circumstances 
do  not  serve  at  all  to  explain  why  the  latter  waters  should  soon 
lose,  if  they  had  it  at  first,  the  slightest  trace  of  colour. 

The  like  circumstances  are  probably  to  be  found  to  more  or  less 
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extent  in  most  of  the  counties  on  our  tide-water  rivers,  as  most  of 
them  have  poor  forest  lands  and  some  swampy  streams  in  the 
interior. 

As  tl»e  opposite  circumstances  of  the  presence  or  absence  of 
colour  in  different  waters  is  certainlj'  not  caused  by  such  difference 
in  the  sources  of  supply,  they  must  be  caused  by  some  subsequent 
action,  which  serves  to  clear  the  waters  in  one  locality,  by  combin- 
ing with  and  taking  off  the  dissolved  colouring  matter,  and  which 
action  does  not  take  place  elsewhere,  because  there  is  no  such 
efSoient  agent  present.     That  agent  I  take  to  be  carbonate  of  lime, 
or  some  other  salt  of  lime  in  the  soil  in  the  one  case,  and  which  is 
present  in  quantity  altogether  insufficient  for  such  action  in  the 
other  case.     According  to  the  views  which  were  presented  (page 
96)  in  regard  to  the  power  of  calcareous  earth  to  combine  chemi- 
cally with  vegetable  matter,  if  the  coloured  waters  should  flow  over 
soils  furnished  with  calcareous  matter,  or  into  streams  impregnated 
with  any  salts  of  lime,  it  would  follow  that  the  suspended  or  dis- 
solved vegetable  extract  would  combine  with  the  calcareous  matter 
of  the  soil  in  the  water,  and  the  new  combination  be  precipitated, 
and  be  given  to  the  soil,  as  manure,  either  immediately  or  remotely. 
This  effect  would  be  greatly  aided  if  the  streams  swollen  by  rains 
actually  passed  in  contact  with  and  washed  away  exposed  banks  of 
marl.     All  recent  rain-water  contains  a  small  amount  of  carbonic 
acid,  and  that  impregnation  enables  water  to  dissolve  a  proportional 
quantity  of  carbonate  of  lime,  which  is  insoluble  in  water  without 
this  addition  of  carbonic  acid.     Therefore,  in  such  circumstances 
the  swollen  streams  and  land  floods  would  necessarily  dissolve  some 
carbonate  of  lime,  which  would  be  thus  placed  immediately  and 
fully  in  mixture  and  perfect  contact  with  the  before  dissolved  vege- 
table colouring  matter,  and  next  must  take  place  the  combination 
of  the  two,  and  precipitation  of  the  compound  manure.     The  con- 
sequence must  be,  that  the  lands  thus  overflowed  must  be  more  or 
less  enriched  by  every  heavy  rain ;  while  the  lands  overflowed  by 
the  coloured  waters  receive,  or  retain,  nothing  of  soluble  vegetable 
matter  from  this  source,  and  may  even  lose  part  of  what  they  had 
before  received  from   the  decay  of  their  own  growth,  or  other 
sources,  by  its  being  dissolved  and  carried  off  by  such  overflowing 
waters. 

Now  let  us  see  how  the  actual  results  agree  with  these  different 
causes,  so  far  as  the  causes  are  known  to  exist.  In  the  limited 
region  particularly  referred  to  above,  the  low  grounds,  subject  to 
inundation  by  rains  in  a  state  of  nature,  and  having  beds  of  marl 
which  the  stream  cuts  through,  are  of  much  richer  soil  than  any 
others,  though  the  quantity  of  marl  displaced  by  the  stream  (if  in- 
deed any  such  displacing  be  perceptible)  would  seem  altogether  too 
small  in  amount  to  produce  such  extent  of  fertilization  by  direct. 
31* 
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action.  And  it  is  believed,  whether  marl  beds  be  so  exposed  or 
not,  that  the  low  grounds  on  the  streams  of  colourless  water  are 
always  much  better  soils,  and  of  more  durable  fertility,  than  those 
washed  by  coloured  waters.  The  latter  soils  being  often  «wampy, 
are  full  of  vegetable  matter,  and  of  course  would  be  very  productive 
when  first  drained  and  cultivated.  But  these  soils  are  far  from 
being  among  the  most  durable,  and  they  are  even  at  first,  and  when 
in  best  condition,  very  inferior  lands  to  most  low  grounds  of  prime 
quality;  and  the  latter  are  always  penetrated  by  streams,  or  had 
been  sometimes  covered  by  floods,  which,  however  turbid  at  certain 
times  with  suspended  clay  and  mud,  are  never  coloured  by  vegeta- 
ble extractive  or  soluble  matter  alone. 

If  we  go  farther  for  examples,  the  effects  will  be  found  to  be 
still  more  striking.  None  of  the  lime-stone  streams  are  ever 
coloured ;  and  their  remarkable  transparency,  very  far  surpassing 
that  of  the  most  pure  and  limpid  waters  of  the  low  country,  show 
that  the  dissolved  lime,  which  the  mountain  streams  contain,  serves 
to  remove  everything  of  colouring  matter.  These  lime-stone  wa- 
ters, and  land  floods  from  rains  which  also  necessarily  carry  dis- 
solved carbonate  of  lime,  form  the  principal  supply  of  the  upper 
James  river.  But  long  before  the  waters  reach  the  head  of  tide, 
not  a  particle  of  lime  remains.  The  dissolved  lime  had  been  con- 
tinually uniting  with  the  suspended  or  dissolved  vegetable  matter, 
until  no  lime  was  left,  and  the  precipitated  compound  had  served 
to  add  more  manure  to  the  extensive  low-grounds  along  the  whole 
course  of  the  upper  James  river,  and  which  are  so  well  known  and 
deservedly  celebrated  for  their  great  and  enduring  fertility  and 
high  value. 

When  a  resident  of  the  ,lower  country  first  visits  our  mountain 
and  lime-stone  region,  he  cannot  avoid  observing  and  being  forcibly 
impressed  by  the  remarkable  clearness  of  the  waters.  Pools  and 
basins  in  the  streams  containing  six  feet  depth  of  water,  will  ap- 
pear to  his  unpractised  eye  as  not  deeper  than  two  or  three  feet. 
And  it  is  only  by  comparison,  and  by  becoming  acquainted  with 
this  really  and  perfectly  clear  lime-stone  water,  he  learns  that  he 
had,  in  truthj  never  before  seen  a  stream  or  pond  of  perfectly  clear 
water.  Though  the  dissolved  matters  may  be  in  too  small  quan- 
tity to  produce  any  appearance  of  colour,  they  serve  to  impair  the 
transparency  of  the  water.  And  when  any  such  colouring  or 
vegetable  matters  are  received  into  and  intermixed  with  lime-stone 
streams,  the  vegetable  matter  is  immediately  combined  with  lime, 
and  the  compound  precipitated ;  still  leaving  in  the  water  a  great 
excess  of  dissolved  lime,  scarcely  diminished  by  the  loss  of  the 
small  part  acting  to  clear  the  water  of  all  colouring  and  vegetable 
impregnation. 

From  the  large  proportion  of  lime  held  in  solution  by  lime-stone 


LIME-STONE  WATERS.  367 

springs,  and  the  streams  proceeding  from  them,  and  also  by  rain 
floods  passing  over  lime-stone  soils,  it  must  he  inferred  (according 
to  my  views),  that  such  waters  must  very  quickly  combine  with 
and  precipitate  all  colouring  matters,  and,  when  not  turbid  with 
earthy  matter,  be  as  transparent  as  water  can  possibly  be.  Hence, 
the  well  known  and  remarkable  transparency  of  such  water  is  not 
directly  caused  (as  commonly  understood)  by  lime  being  contained 
in  them — ^but  because  of  the  other  adulterations  being  totally  re- 
moved in  combination  with  a  part  of  that  dissolved  lime.  Thus, 
the  water  is  not  in  the  least  made  crystalline  and  transparent  be- 
cause of  what  it  contains,  but  because  of  what  it  has  been  deprived 
of.  And,  therefore,  even  after  all  the  lime  may  have  been  pre- 
cipitated, the  water  must  retain  its  previous  perfect  transparency, 
unless  subsequently  impregnated  with  other  colouring  matter. 

The  additional  supply  of  carbonic  acid  to  water,  which  alone 
gives  to  it  the  power  to  dissolve  or  to  retain  in  solution  even  the 
smallest  proportion  of  carbonate  of  lime,  is  not  strongly  held.  It 
is  given  off  by  the  lime-stone  water  in  its  partial  evaporation,  and 
to  every  contact  of  atmospheric  air ;  and  this  operation  is  increased 
by  such  agitation  of  the  water  as  exposes  a  larger  surface  to  the 
air.  Hence,  at  all  rapids  of  lime-stone  streams,  there  is  a  pecu- 
liarly rapid  and  large  deposition  of  carbonate  of  lime,  let  loose  by 
the  water  because  of  the  loss  of  the  proportion  of  carbonic  acid 
which  before  served  to  hold  the  lime  dissolved  in  the  water.  This 
precipitation  and  gradual  accumulation  of  carbonate  of  lime,  at  the 
rapids  and  cascades  of  streams,  is  the  formation  called  calcareous 
tufa  or  travertine,  and  vulgarly  called  "  marl"  in  our  mountain 
region,  and  which  is  presented  in  great  quantity,  and  sometimes  in 
enormous  masses. 

As  lime-stone  water  so  easily  parts  with  the  carbonic  acid  which 
enables  it  to  hold  lime  in  solution,  it  can  scarcely  be  supposed  that 
any  of  the  acid  remains  after  the  water  collects  and  remains  long 
in  the  great  reservoirs  formed  in  lakes.  But  whether  the  water 
remains  impregnated  with  carbonic  acid,  and  of  course  with  lime, 
or  has  lost  both,  the  effect  is  the  same,  and  is  exhibited  most 
strongly  in  the  remarkable  transparency  of  lakes  so  formed.  Of 
such,  I  have  never  myself  witnessed  any  but  of  Lake  George,  in 
New  York.  And  after  the  long  lapse  of  time  since  my  short  visit 
to  this  lake,  I  cannot  remember  to  what  extent  the  transparency 
of  its  waters  was  asserted,  or  what  my  own  personal  observation 
ascertained.  I  only  remember  certainly  that  the  depth  of  water 
through  which  very  small  objects  were  distinctly  visible  was  very 
great,  and  that  no  ground  was  left  to  doubt  what  is  generally 
asserted  and  received  as  true  on  that  head. 

To  return  to  the  lands  and  waters  of  Prince  George  county. 
The  water  left  by  heavy  rains,  standing  in  shallow  pools  on  the 
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high  level  wood-land,  and  flowing  off  in  temporary  rivulets,  is  seen 
to  be  coloured  by  vegetable  matter  even  within  a  mile  of  James 
river,  just  as  it  is  found  on  the  other  lands  sloping  towards  the 
Blackwater.  But  in  either  and  every  known  case  of  such  dis- 
coloration being  caused,  it  is  on  poor  and  acid  land.  No  such 
effect  takes  place  on  calcareous  or  even  neutral  soil,  no  matter  how 
abundantly  it  is  provided  with  dead  leaves  or  other  vegetable  mat- 
ter. Therefore  it  is  manifest  that  it  is  not  difference  of  locality, 
but  difference  of  soil,  which  causes  the  different  effects  of  the 
surplus  rain-water  becoming  tinged,  and  remaining  tinged  with 
vegetable  extract,  or  otherwise  remaining  colourless.  And  also, 
after  the  water  has  been  so  tinged,  that  it  depends  on  the  difference 
of  chemical  composition  in  the  soils  over  which  it  passes,  or  of  the 
streams  into  which  it  is  discharged,  whether  the  colour  remains  or 
is  quickly  discharged.  And,  as  already  stated,  this  difference  of 
action  and  effect  depends  on  the  absence  or  presence  of  lime  in  the 
soils  or  waters  to  which  the  coloured  excess  of  rain-water  flows. 

It  is  only  in  the  surplus  quantity  of  rain-water,  or  that  which  is 
more  than  the  soil  can  absorb,  that  this  colouring  matter  is  seen. 
But  it  is  not  the  less  certain  that  all  of  the  much  greater  quantity 
of  water  from  more  gentle  and  more  frequent  rains  which  soak 
into  the  earth,  must  also  be  more  or  less  tinged  with  the  colouring 
matter  of  the  leaves  and  other  dead  vegetable  matter  through 
which  the  water  passes,  and  must  take  up,  in  passing,  all  that  is 
then  easily  soluble,  and  not  chemically  combined  with  some  other 
body.  Thus,  every  gentle  and  soaking  rain  jirobably  carries  into 
the  soil  the  greater  part  of  all  the  then  soluble  vegetable  matter, 
and  that  only  which  is  soluble  is  all  that  is  then  completely  ready 
to  act  as  food  for  plants.  The  same  rain,  and  the  subsequent 
chemical  action  of  air  and  warmth,  cause  the  decomposition  of  the 
before  insoluble  vegetable  matter  to  recommence,  and  in  a  few 
days  there  is  a  renewed  supply  of  soluble  or  extractive  matter 
formed  in  the  vegetable  cover  of  the  soil,  ready  to  be  dissolved  and 
to  be  carried  into  the  earth  by  the  next  succeeding  rain. 

Such  is  nature's  process  of  furnishing  alimentary  manure,  or 
the  food  of  plants,  to  soils.  And  the  source  of  supply  is  unlimit- 
ed ;  for  it  is  principally  from  the  atmosphere  and  water,  and  by 
fixing  their  elements  (oxygen,  nitrogen,  hydrogen,  and  carbon),  that 
the  vegetable  growths  of  soils,  and  consequently  all  alimentary 
manures,  are  formed. 

Enormous  then  as  is  the  continual  waste  of  vegetable  ex- 
tractive matter  and  manure  that  is  caused  by  every  heavy  rain,  and 
which  is  always  evident  to  the  eye  in  the  black  waters  of  so  many 
ponds  and  streams,  all  this  lost  fertilizing  matter  must  be  in  very 
small  proportion,  compared  to  the  greater  quantity  that  is  carried 
more  gradually  and  frequently  into  the  earth.     Much  the  greater 
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part  of  the  wood-land  of  lower  Virginia  is  most  freely  and  abund- 
antly thus  supplied,  not  only  because  of  the  abundant  sources  pre- 
sented _m  a  thick  layer  of  fallen  leaves,  the  growth  of  many 
successive  years,  but  also  because  of  the  very  level  surface  of  the 
land,  which  obstructs  the  flowing  off  of  the  surplus  rain-water,  and 
the  general  sandy  and  open  texture  of  the  soil  and  sub-soil,  which 
operate  to  absorb  quicKly  the  water  and  its  dissolved  vegetable 
matter._  Yet  it  is  more  especially  these  lands  that  show  the  least 
remaining  and  abiding  store  of  this  supply  of  vegetable  manure. 
The  soil,  or  all  of  the  upper  part  which  shows  any  colour  from 
containing  vegetable  matter,  is  usually  not  more  than  two  inches 
thick  on  sandy  soils,  and  still  less  on  the  stiffest;  and  all  the  por- 
tion below  (though  necessarily  manured  by  being  often  soaked  to 
a  foot  or  more  with  rain-water  conveying  all  its  dissolved  vegeta- 
ble extract),^  is  entirely  barren  and  worthless.  Such  results  would 
be  as  inexplicable  as  they  are  wonderful,  but  for  the  reasons  afford- 
ed by  the  doctrine  of  the  combining  and  fixing  powers  of  carbonate 
of  lime  and  vegetable  salts  of  lime;  the  absence  of  which  ingre- 
dients is  the  sole  defect  in  these  cases,  and  which,  when  present  in 
soils,  show  results  of  fertilization  altogether  the  reverse  of  these. 
Where  lime  is  present  in  sufiieient  quantity,  no  colouring  or  ma- 
nuring matter  is  lost  to  the  soil  in  the  flowing  off  of  surplus  water, 
nor  in  the  wasteful  and  profitless  decomposition  of  the  greater 
quantity  of  colouring  and  alimentary  matter  soaked  into  the  earth. 

My  observation  was  not  attracted  to  the  cause  of  the  existence 
of  black  waters,  and  this  application  of  the  facts,  until  nearly  the 
close  of  my  residence  in  the  country,  and  of  my  opportunities  for 
personal  and  accurate  observation.  And  I  am  well  aware,  and 
ready  to  admit,  that  previous  observations,  made  by  mere  chance 
and  without  object,  are  worth  very  little  comparatively.  I  there- 
fore would  be  glad  to  have  the  attention  of  other  observers  drawn 
to  this  point,  and  any  facts  to  be  elicited  that  will  either  confirm 
or  disprove  my  positions.  From  inquiries  made  of  persons  who 
have  had  ample  opportunity  to  observe  what  waters  were  either 
permanently  black  or  without  tinge  of  such  vegetable  stain,  I  have 
heard  the  following  general  statement  of  facts,  on  which  my  com- 
ments will  be  offered  as  the  facts  are  presented. 

Streams  and  ponds  of  black  waters  are  rarely  seen  above  the  falls 
of  the  rivers ;  and  are  believed  to  be  very  rarely  found  even  twenty 
to  thirty  miles  above.  They  are  never  seen  in  the  still  higher 
lime-stone  region.  If  this  opinion  be  correct,  then  these  waters 
are  confined  exclusively  (as  they  certainly  are  mainly)  to  the  region 
of  soil  of  the  most  acid  quality.  At  the  distance  above  the  falls 
where  black  waters  are  never  found,  the  high  land  was  naturally  in 
general  of  good  quality,  and  the  bottom  or  alluvial  lands,  on  small 
streams,  invariably  of  good  soil.    Of  course  these  qualities  indi- 
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cate  more  of  lime  in  the  soil ;  and,  according  to  my  views,  also  the 
inability  of  water  to  become  black,  or  at  least  to  remain  coloured.* 

The  waters  of  Blackwater  river  and  its  tributary  streams  and 
swamps  become  darker  in  autumn,  owing  to  the  low  level  of  the 
surface  at  that  season.  This  is  according  to  sound  reason ;  as  eva- 
poration of  the  solvent  fluid  necessarily  increases  the  strength  of 
the  solution.  But  this  cause  is  held  by  most  persons  as  secondary 
in  force  to  another,  viz. :  the  dropping  of  the  leaves,  and  especially 
of  the  numerous  black-gum  trees,  and  their  berries,  at  that  season, 
on  the  swamps  and  in  the  streams.  Of  course  such  is  the  source 
of  the  colouring  matter ;  but  it  would  produce  no  notable  or  abid- 
ing effect,  but  for  the  want  of  lime  both  in  the  soil  and  in  the  wa- 
ter. The  extensive  tide  swamps  on  the  creeks  of  James  river,  are 
covered  with  3,  dense  growth  of  trees,  of  which  a  large  proportion 
are  black-gums.  Yet  in  the  numerous  rills  trickling  or  oozing  out 
of  these  soils,  after  some  days  of  low  tides,  I  have  never  observed 
the  water  to  be  dark,  or  in  the  least  discoloured.  Yet  the  soil  of 
these  tide  swamps  is  as  much  of  vegetable  formation  as  any  capa- 
ble of  bearing  trees,  and  is  believed  to  be  more  so  than  the  swamp 
lands  of  Blackwater  river  and  its  tributaries.  Therefore  it  is  not 
the  abundance  of  dead  vegetable  matter  in  a  soil,  nor  the  quantity  or 
kind  of  leaves  furnished  by  the  trees  growing  on  it,  which  alone  or 
together  produce  coloured  waters.  The  earthy  portion  of  the  soil 
of  these  tide  marshes  and  swamps,  small  as  is  its  amount,  is  not 
acid,  but  neutral,  and  the  lime  contained  serves  to  prevent  the  wa- 
ter remaining  discoloured. 

Yet  this  is  not  always  the  case  on  tide  swamps.  The  waters  of 
Pocomoke  river,  flowing  into  the  Chesapeake,  are  black,  which  I 
presume  is  owing  to  the  deficiency  of  lime  in  the  water  and  in  the 
surface  soil  of  the  lands  from  which  the  waters  flow. 

The  great  Dismal  Swamp  of  Virginia  and  its  lake,  and  the  still 
more  extensive  swamps  and  lakes  of  North  Carolina,  all  present 
black  waters,  and  which  may  all  be  accounted  for  by  the  reasons 
here  given. 

Neither  is  it  necessary  that  marl  beds  should  be  wanting  to  pro- 
duce the  effect  of  black  waters.  It  is  only  necessary  that  the  marl 
(no  matter  how  abundant)  should  be  so  far  below  the  surface  as 
not  to  affect  the  overflowing  waters,  and  that  the  soil  of  the  higher 
lauds  should  be  generally  of  acid  quality.  Such  are  the  lands  on 
Blackwater  river  and  its  tributaries.    And  though  marl  was  scarcely 

*  The  extract  translated  from  M.  Puvis'  "Essai  sw  la  Mame,"  and  intro- 
duced at  page  150  of  thia  essay,  affords  testimony  that  the  facts  in  regard 
to  the  existence  and  localities  of  black  waters  in  France  accord  strictly 
■with  the  views  presented  in  this  article.  This  writer  says  that,  "  during  the 
month  of  August,  the  water  of  the  ponds  on  calcareous  soil  does  not  be- 
come blackish,  as  often  happens  in  silicious  ponds." 
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known  anywhere  there  twenty  years  ago,  it  is  now  known  to  he 
abundant,  and  generally  to  be  found,  though  almost  always  a  few 
feet  below  the  surface  of  the  low  lands. 

Many  persons  who  would  concur  with  me  as  to  the  premises  and 
results,  would  yet  ascribe  the  colouring  of  certain  waters  to  the 
more  level  surface  of  the  land,  and  the  more  sluggish  and  stagnant 
state  of  the  waters;  and  would  suppose  the  absence  of  colouring 
matter  in  the  waters  of  the  upper  country  to  be  caused  by  the 
rapidity  of  the  descent  and  of  the  passage  of  the  streams.  This 
would  be  a  correct  view,  if  the  matter  in  question  were  the  degree 
of  intensity  oi  colour,  insteadof  the  existence  or  entire  absence  of' 
colour.  It  is  true,  and  obvious,  that  if  the  coloured  waters  which 
now  creep  and  stagnate  over  the  level  lands  below  the  falls,  had  as 
rapid  a  descent  and  free  discharge  as  the  mountain  torrents,  their 
colour  could  not  become  darker,  with  time,  by  long  infusion  of  the 
leaves,  nor  by  evaporation  of  still  waters.  But  though  the  colour 
would  be  much  more  pale,  its  existence  would  not  be  the  less  cer- 
tain. The  source  of  colouring  matter,  the  soaking  of  dead  leaves, 
&c.,  in  rain-water,  is  as  abundant  in  the  upper  as  in  the  lower 
country ;  and  the  more  rapid  discharge  of  the  waters,  if  no  other 
cause  of  clearing  them  operated,  would  not  prevent  their  becoming 
and  remaining  coloured,  as  generally,  and,  however  more  pale  in 
tint,  would  be  seen  as  obviously,  as  in  the  most  level  lands.  But 
this  is  not  all.  Though  there  is  almost  no  level  land,  and  therefore 
no  swamps  in  the  hilly  or  still  less  in  the  mountain  region,  there 
are  mill-ponds  in  the  lower  hilly  country,  and  natural  lakes  in  the 
mountain  region.  If  there  was  the  slightest  tint  of  dissolved  colour- 
ing matter  in  the  streams,  the  waters  when  collected  in  these  deep 
reservoirs  could  not  fail  to  exhibit  the  colour  much  more  deeply. 
Yet  no  one  such  fact  is  known,  or  is  believed  to  have  existence. 


NOTE  n. — Extension  of  the  subject  or  pages  108 — 113. 

The  statements  of  British  authors  on  marl,  and  their  applications 
of  the  name,  generally  incorrect,  and  often  contradictory.  Both 
the  terms  " marl"  and  "  marling"  have  different  significations 
in  Britain  and  in  Virginia. 

Custom  has  compelled  me  to  apply  improperly  the  name  marl 
to  our  deposits  of  fossil  shells.  But  as  I  have  defined  the  ma- 
nuring by  means  of  this  substance,  which  is  called  marling  (and 
for  which  I  suggested  calxing  as  a  much  better  and  also  more  com- 
prehensive name),  to  be  simply  rendering  a  soil  calcareous — any 
term  used  for  that  operation  would  serve,  if  its  meaning  was  always 
kept  in  view.     But,  unfortunately,  this  term  (marling)  is  of  old 
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and  frequent  use  in  English  books,  with  very  different  meanings. 
The  existence  of  these  differences,  and  errors,  has  been  stated 
generally  in  a  foregoing  part  of  this  Essay,  and  here  will  be  adduced 
the  proofs,  in  quotations  from  many  authors.  I  maintain,  and  will 
establish  the  following  propositions  : — 

1.  By  nearly  or  quite  all  of  the  older  (and  even  some  of  the 
modern)  British  authors,  the  term  marl  was  applied  to  clays  (or 
earths)  containing  no  calcareous  matter ;  and  even  when  calcareous 
earth  was  known  to  be  contained  in  marl,  that  ingredient  was  not 
deemed  (if  indeed  it  was)  the  essential  or  the  most  valuable  fertiliz- 
ing quality  of  the  manure. 

2.  The  marls  of  Europe,  whether  as  correctly  defined  or  under- 
stood by  modern  writers  and  scientific  agriculturists,  or  as  often 
miscalled  and  misunderstood  by  illiterate  cultivators — are  very  dif- 
ferent from  the  deposits  of  fossil  shells,  called  marl  in  this 
country. 

3.  Even  when  the  chemical  character,  and  the  manuring  action 
(in  like  applications)  of  the  marls  of  England  and  Virginia  are 
the  same  (that  is,  agreeing  in  being  both  calcareous) — still  the  ordi- 
nary marlings  of  the  former  are  quite  a  different  manuring  opera- 
tion from  the  marling  (or  calxing)  advised  in  this  Essay — inasmuch 
as  the  lands  so  manured  in  England  were  mostly  calcareous  before, 
either  by  natural  constitution,  or  by  previous  marling — and  there- 
fore were  not  made  calcareous  (or  calxed)  by  the  dressing  in 
question. 

i.  In  many  oases  of  published  statements  of,  or  references  to 
marling  labours  or  improvements  in  England,  the  reader  is  left  in 
doubt  whether  the  marl  or  the  soil  was  calcareous — or  which  the 
most  so — and  therefore,  whether  the  "marling"  served  to  increase 
or  to  lessen,  or  had  not  materially  altered  the  proportion  of  tho 
previous  calcareous  contents  of  the  soil. 

5.  The  marling  of  England,  especially,  has  been  almost  entirely 
empirical — and  not  directed  by  theory,  reasoning,  or  by  inferences 
drawn  from  the  known  (or  even  surmised)  chemical  constitution 
of  either  the  soil  or  the  earthy  manure  applied. 

These  assertions  refer  principally,  but  not  exclusively,  to  the 
writers  on  agriculture  of  former  and  less  enlightened  times  than 
the  present  or  recent.  Scarcely  any  exception  is  known  in  works 
much  older  than  the  institution  of  the  British  Board  of  Agricul- 
ture, in  1795.  Before  that  time,  the  errors  which  I  shall  adduce 
prevailed  almost  universally,  in  books  as  well  as  in  vulgar  language 
and  opinion.  And  these  older  writers  were,  to  much  later  times, 
the  unquestioned  authorities  of  the  earliest  agricultural  writers  of 
America,  as  well  as  of  all  our  other  readers  and  thinkers.  And 
the  aid  of  all  the  more  correct  information  as  to  the  true  character 
of  marl,  afforded  by  the  more  recent  British  writers,  it  seems  has 
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cleared  away  but  little  of  the  before  general  obscuration  on  this 
subject  in  their  own  country.  Of  such  remaining  ignorance,  or  its 
appearance,  striking  and  recent  examples  will  be  presented. 

The  passages  to  be  quoted  will  exhibit  so  fully  the  contradictions 
and  ignorance  generally  prevailing  as  to  the  nature  of  whatever 
was  called  marl,  and  the  operation  of  calcareous  manures  generally, 
that  it  will  not  be  required  for  me  to  express  dissent  in  every  case, 
or  to  point  out  the  errors  of  facts  or  of  reasoning,  which  will  appear 
so  manifestly  and  abundantly  in  some  of  the  quotations. 
_  But  besides  the  errors  and  even  absurdities  of  opinions  and  prac- 
tices in  regard  to  marl  or  lime,  which  some  of  these  passages  will 
show,  there  will  be  presented  in  connexion  some  correct,  precise, 
and  very  interesting  facts.  Among  these  will  be  definitions  and 
descriptions  by  recent  authors  of  marl  proper,  and  also  the  varieties* 
known  in  Britain  by  the  provincial  names  of  "  clay"  or  "  clay 
marl,"  and  the  "shell  marl"  formed  only  in  ancient  lakes,  since 
changed  to  peat  bogs.  These  passages,  though  some  of  them  are 
the  very  latest  in  the  order  of  time,  will  be  offered  first — so  that 
what  is  sound  and  true  may  be  kept  in  view,  through  all  the  mass 
of  error  that  will  be  afterwards  presented. 

1.  "Compact  limestone,  by  an  increase  of  argillaceous  matter,  passes 
into  marl."  "Marl  is  essentially  composed  of  carbonate  of  lime  and  clay, 
in  Tarious  proportions." — Cleaveland's  Mineralogy. 

2.  "  Marl  is  a  compound  of  carbonate  of  lime,  argil  [finest  clay]  and  of 
silicious  sand.  The  sand  appears  to  be  only  in  a  state  of  mixture,  and 
may  be,  when  not  very  fine,  separated  easily.  But  the  argil  and  carbo- 
nate of  lime  in  marl  (like  the  alumina  and  silica  in  argil),  seem  to  be  a 
[chemical]  combination,  and  not  a  simple  mixture." — PuTis — Essai  sur  la 
Marne. 

"ilarl  seems  to  be,  in  most  cases,  a  formation, of  fresh  water." — Puyis — 
Translation,  Farmers'  Register,  vol.  iii.  p.  692. 

3.  "Marl  is  a  combination  of  carbonate  of  lime  and  clay.  These  two 
bodies  are  usually  found  in  so  complete  a  state  of  amalgamation,  that  it  is 
impossible  to  distinguish  the  particles  of  one  from  those  of  the  other,  either 
■with  the  naked  eye,  or  with  the  aid  of  the  microscope."  "  When  water  is 
poured  upon  marl,  that  fluid  penetrates,  with  greater  or  less  facDity,  into 
all  its  pores,  destroys  the  cohesion  of  the  parts,  separates  them  from  one 
another,  and  reduces  them  to  a  fine  powder.  This  is  one  of  the  essential 
properties,  which  serves  as  the  first  distinction  of  marl,"  &c. 

"It  certainly  cannot  be  admitted  as  a  principle  that  any  kind  of  earth 
which  loses  its  aggregation  in  water  must  necessarily  be  marl,  since  some 
very  poor  clays  are  affected  in  the  same  manner ;  but  if  any  kind  of  earth 
is  not  spontaneously  reduced  to  powder  by  the  action  of  water,  we  may 
feel  convinced  that  it  is  not  marl.  Every  kind  of  marl,  even  that  which  is 
called  'stony,'  becomes  soft  and  pulverized  in  water." — Von  Thaer's  Prin- 
ciples of  Agriculture. 

It  appears  from  different  authors  that  the  proportions  of  carbo- 
nate of  lime  in  marl  usually  vary  from  20  to  more  than  60  per 
32 
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cent.   When  muBt  riclier,  -say  near  or  quite  80  per  cent.,  it  beconaes 
of  stony  hardness,  or  passes  into  lime-stone. 

In  Britain  the  marls  most  abounding  in  clay  are  called  "clay 
marl,"  and  vulgarly  "  clay"  simply.  This  is  the  kind  most  gene- 
rally used,  and  in  enormous  quantities.  Stephens  (in  the  latest 
edition  of  his  "Book  of  the  Farm"),  offers  the  first  precise  in- 
formation that  I  have  seen,  as  it  is  also  the  most  recent  of  the 
component  parts  of  this  marl,  as  follows : — from  Johnston  on  the 
Use  of  Lime. 

4.  "  The  following  analysis  may  give  a  fair  idea  of  the  composition  of  a 
clay  marl."     This  specimen  was  found  in  Ayrshire. 

Carhonate  of  lime  ....  8.4 


Oxide  of  iron  and  alumina 
Organic  matter 
Clay,  and  silicious  matter 
Water     '      . 


2.2 

2.8 

84.9 

1.4 

99.7 


Every  one  who  has  observed  what  is  called  marl  in  lower  Vir- 
ginia will  recognise  its  entire  disagreement  with  the  true  marl 
described  in  all  the  foregoing  quotations,  in  every  physical  or 
mechanical  property,  in  texture,  and  in  its  manifest  origin  or  for- 
mation. 

5.  "  Shell  Marl. — In  some-  parts  of  the  country,  as  in  Forfarshire  [Scot- 
land,] this  substance  is  found  in  great  quantities  associated  with  peat. 
.  .  .  .  It  is  taken  out  of  the  bogs  by  means  of  a  boat  mounted  with  a 
dredging  apparatus.  When  of  fine  quality  and  in  a  dry  state,  it  is  as 
white  as  lime,  not  crumbling  down  into  powder  like  quick-lime,  but  catting 
something  like  cheese,  with  the  spade.     .     .  .     It  is  applied  at  40  to 

50  bolls  (8  cubic  feet)  to  the  acre.  When  applied  as  lime,  it  is  beneficial; 
but,  as  is  often  the  case,  when  applied  solely  as  manure,  in  quantities  of  35 
to  45  cubic  yards  to  the  acre,  it  never  fails  to  be  mischievous.  It  does  not 
easily  injure  new  fresh  land ;  [Qu.  the  first  time  applied  ?]  but  when  re- 
peated frequently,  as  a  sole  manuring,  I  have  seen  land  reduced  to  such  a 
state  of  pulverization,  that  the  foot,  with  a  stamp,  sank  into  the  ground  as 
deep  as  the  ankle.  Applied  to  lands  followed  by  severe  cropping,  it  has 
reduced  them  to  a  state  of  utter  sterility,  which  they  have  not  recovered 
from  to  this  day." — (Stephens'  Book  of  the  Farm,  or  Farmers'  Ouide,  1850 ; 
Headrick's  Survey  of  Forfarshire.) 

This  "shell  marl"  consists  of 
"Carbonate  of  lime 
Oxide  of  iron  and  alumina  . 
Organic  matter    .... 
Insoluble,  chiefly  silicious  matters 

100.  100. 

This  substance,  according  to  its  analysis  above,  is  undoubtedly 
the  most  valuable  of  all  calcareous  manures.     But  still  it  is  not 
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marl,  either  as  understood  by  mineralogists  and  scientific  agricul- 
turists in  Europe,  or  as  marl  is  known  in  this  country.  This  peculiar 
formation  (the  deposit  of  the  shells  of  fresh-water  molluscs  in  what 
had  been  ancient  lakes,  and  which  since  became  peat-bogs),  has 
been  referred  to  previously,  and  will  be  again,  in  another  connexion. 
So  far,  all  the  earths  called  marl  have  been  calcareous.  But  all 
are  not  so  that  are  recognised  under  that  name,  even  by  modern 
and  well  informed  writers,  who  certainly  knew  the  chemical  cha- 
racter (in  this  respect),  of  the  earths  referred  to.  In  "  British 
Husbandry,"  a  recent  work  of  authority,  prepared  for  and  pub- 
lished by  the  "  Society  for  the  Diffusion  of  Knowledge,"  in  treating 
of  marl,  the  following  passages  occur  : — 

6.  "A  bluish  marl  much  used  in  some  parts  of  Ireland,  and  long  cele- 
brated as  a  manure,  makes  no  ebullition  with  acids ;  neither  do  scTeral  of 
the  red  marls ;  yet  mariy  of  them  are  known  to  be  productive  of  great  im- 
provement to  land."  p.  265.  "Out  of  12  specimens  of  marl  submitted  to 
Sir  Humphrey  Davy,  11  were  found  to  contain  calcareous  earth ;  but  the 
result  of  many  other  trials  of  marls,  from  different  parts  of  the  country, 
and  found  by  farmers  to  produce  an  ameliorating  effect  on  the  land,  yet 
proves  them  to  be,  in  many  instances,  wholly  deficient  in  that  substance." 
See  "Marl"  in  Holland's  Report  on  Cheshire. 

Now  whatever  of  fertilizing  properties  these  earths  contained, 
they  were  not  marl  in  the  proper  understanding  of  that  term,  nor 
do  they  agree  with  our  marl  in  any  stated  character,  either  chemi- 
cal or  physical. 

An  earlier,  though  yet  a  modern  writer,  Marshall,  has  also  de- 
scribed a  valuable  "  marl"  of  Norfolk,  England,  which  is  almost 
destitute  of  calcareous  matter. 

7.  "The  red  earth  which  has  been  set  upon  the  lands  of  this  district,  in 
great  abundance,  as  'marl,'  is  much  of  it  in. a  manner  destitute  of  calca- 
reous matter ;  and,  of  course,  cannot,  with  propriety,  be  classed  among 
marls.  Nevertheless,  a  red  fossU  is  found,  in  some  parts  of  the  district, 
which  contains  a  proportion  of  calcareous  matter.  The  marl  of  Croxall 
(in  part  of  a  stone-like,  or  slaty  contexture,  and  of  a  light  red  colour)  is 
the  richest  in  calcareosity  ;  one  hundred  grains  of  it  afford  thirty  grains  of 
calcareous  matter ;  and  seventy  grains  of  fine,  impalpable,  red-bark-Iike 
powder.*  And  a  marl  of  Elford  (in  colour  and  contexture  various,  but  re- 
sembling those  of  the  Croxall  marl)  affords  near  twenty  grains.    Yet  the 

*  This  marl  is  singularly  tenacious  of  its  calcareous  matter ;  dissolving  ^ 
remarkably  slowly.  One  hundred  grains,  roughly  pounded,  was  twenty- 
four  hours  in  dissolving ;  and  another  hundred,  though  pulverized  to  mere 
dust  continued  to  effervesce  twelve  hours ;  notwithstanding  it  was  first 
saturated  with  water,  and  afterward  shaken  repeatedly.  The  Breedon  stone, 
roughly  pounded,  dissolved  in  half  the  time ;  notwitiistanding  its  extreme 
hardness.  [I  strongly  suspect  that  Marshall  used  flitric  acid  in  this  trial, 
and  was  deceived  by  the  slow  solution  of  carbonate  of  iron,  with  some 
ebullition,  and  that  there  was  as  little  calcareous  earth  as  in  the  other 
cases.  I  have  never  experienced  such  slow  solution  of  carbonate  of  lime, 
in  strong  acid.     E.  R.] 
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marl  of  Barton,  on  the  opposite  side  of  the  Trent — though  somewhat  of  a 
similar  contexture,  but  of  a  darker,  more  dusky  colour — is  in  a  manner 
destitute  of  calcareosity !  one  hundred  grains  of  it  yielding  little  more  than 
one  grain — not  two  grains  of  calcareous  matter.  Nevertheless,  the  pit,  from 
■which  I  took  the  specimens  analyzed,  is  an  immense  excavation,  out  of 
which  many  thousand  loads  have  been  taken.  And  the  marls  of  this 
neighbourhood  (which  mostly  diifer  in  appearance  from  those  described, 
having  generally  that  of  a  blood-red  clay,  interlayered,  and  sometimes  in- 
termingled with  a  white  gritty  substance)  are  equally  poor  in  calcareosity. 
One  hundred  grains  of  the  marl  of  Statford  (which  I  believe  may  be  taken 
as  a  fair  specimen  of  the  red  clays  of  this  quarter  of  the  district)  afford 
little  more  than  two  grains  of  calcareous  matter — lodged  not  in  the  sub- 
stance of  the  clay,  but  in  its  natural  cracks,  or  fissures.  Yet  this  is  said 
to  be  'famous  marl;'  and  from  the  pits  which  now  appear,  has  been  laid 
on  in  great  abundance. 

"I  do  not  mean  to  intimate,  that  these  clays  are  altogether  destitute  of 
fertilizing  properties,  on  their  first  application.  It  is  not  likely  that  the 
large  pits  which  abound  in  almost  every  part  of  the  district,  and  which 
must  have  been  formed  at  a  very  great  expense,  should  have  been  dug, 
without  their  contents  being  productive  of  some  evidently,  or  at  least  ap- 
parently good  eff'ect,  on  the  lands  on  which  they  have  been  spread.  I  con- 
fess, however,  that  this  is  but  conjecture ;  and  it  may  be,  that  the  good 
effect  of  the  marls  first  described  being  experienced,  the  fashion  was  set ; 
and  the  distinguishing  quality  being  unknown,  or  not  attended  to,  marls 
and  clays  were  indiscriminately  used." — Marshall's  Midland  Counties,  vol. 
i.  p.  152. 

8.  "On  the  southern  banks  of  the  Anker,  is  found  a  gray  marl;  re- 
sembling in  general  appearance  the  marl  of  Norfolk,  or  rather  the  fuller's 
earth  of  Surrey.  In  contexture  it  is  loose  and  friable.  This  earth  is  sin- 
gularly prodigal  of  its  calcareosity.  The  acid  being  dropped  on  its  surface, 
it  flies  into  bubbles  as  the  Norfolk  marl.  This  circumstance,  added  to  that 
of  a  striking  improvement,  which  I  was  shown  as  being  effected  by  this 
earth,  led  me  to  imagine  that  it  was  of  quality  similar  to  the  marls  of 
Norfolk.  But,  from  the  results  of  two  experiments — one  of  them  made 
with  granules  formed  by  the  weather,  and  collected  on  the  site  of  improve- 
ment, the  other  with  a  specimen  taken  from  the  pit,  it  appears  that  one 
hundred  grains  of  this  earih  contain  no  more  than  six  grains  of  calcareous 
matter!  the  residuum  a  cream-coloured  saponaceous  clay,  with  a  small 
proportion  of  coarse  sand." — Marshall's  Midland  Counties,  vol.  i.  p.  155. 

In  the  latter  quotations  are  presented  separately  the  proofs  from 
authors  fully  competent  to  try  and  know  the  remarkable  facts 
stated  of  many  well  approved  "marls,"  so  called,  being  nearly  or 
entirely  destitute  of  calcareous  earth !  I  will  now  go  back 
to  older  writers,  who  treat  of  marls  without  noticing  that  ingredient 
as  being  present,  or  without  seeming  to  be  aware  that  its  presence 
would  be  useful. 

The  learned  and  also  practical  Miller  thus  defines  and  describes 
marl,  in  the  Abridgment  of  ilie  Gardener's  Dictionary,  fifth  Lon- 
don edition,  1763,  at  the  article  marl : 

"  Marl  is  a  kind  of  clay  which  is  become  fatter  and  of  a  more  enriching 
quality,  by  a  better  fermentation,  and  by  its  having  lain  so  deep  in  the 
earth  as  not  to  have  spent  or  weakened  its  fertilizing  quality  by  any  pro- 
duct. 
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"Marls  are  of  different  qualities  in  different  counties  of  England.  There 
are  reckoned  four  kinds  of  marl  in  Sussex,  a  gray,  a  blue,  a  yellow,  and  a 
red ;  of  these  the  blue  is  accounted  the  best,  the  yellow  the  next,  and  the 
gray  the  next  to  that ;  and  as  for  the  red,  that  is  the  least  valuable. 

"  In  Cheshire  they  reckon  six  sorts  of  marl  : 

"1.  The  cowshut  marl,  whiclT  is  of  a  brownish  colour,  with  blue  veins  in 
it,  and  little  lumps  of  chalk  or  limestone ;  it  is  commonly  found  under  clay, 
or  low  black  land,  seven  or  eight  feet  deep,  and  is  very  hard  to  dig. 

"  2.  Stone,  slate,  or  flag  marl,  which  is  a  kind  of  soft  stone,  or  rather 
slate,  of  a  blue  or  bluish  colour,  that  will  easily  dissolve  with  frost  or  rain. 
This  is  found  near  rivers,  and  the  sides  of  hiUs,  and  is  a  very  lasting  sort 
of  marl. 

"  3.  Peat  marl,  or  delving  marl,  which  is  close,  strong,*  and  very  fat, 
of  a  brown  colour,  and  is  found  on  the  sides  of  hills,  and  in  wet  or 
^oggy  grounds,  which  have  a  light  sand  in  them  about  two  feet  or  a  yard 
deep. 

"  4.  Clay  marl ;  this  resembles  clay,  and  is  pretty  near  akin  to  it,  but  is 
fatter,  and  sometimes  mixed  with  chalk  stones. 

"  5.  Steel  marl,  which  lies  commonly  in  the  bottom  of  pits  that  are  dug, 
and  is  of  itself  apt  to  break  into  cubical  bits ;  this  is  sometimes  under 
sandy  land. 

"  6.  Paper  marl,  which  resembles  leaves  or  pieces  of  brown  paper,  but 
something  of  a  lighter  colour ;  this  lies  near  coals. 

"  The  properties  of  any  sorts  of  marls,  by  which  the  goodness  of  them 
may  be  best  known,  are  better  judged  of  by  their  purity  and  uncompound- 
edness,  than  their  colour :  as  if  it  will  break  in  pieces  like  dice,  or  into  thin 
flakes,  or  is  smooth  like  lead  ore,  and  is  without  a  mixture  of  gravel  or  sand ; 
if  it  will  slake  like  slate-stones  and  shatter  after  wet,  or  will  tumble  into 
dust,  when  it  has  been  exposed  to  the  sun ;  or  will  not  hang  and  stick  to- 
gether when  it  is  thoroughly  dry,  like  tough  clay ;  but  is  fat  and  tender, 
and  will  open  the  laud  it  is  laid  on,  and  not  bind ;  it  may  be  taken  for 
granted  that  it  will  be  beneficial  to  it." 

In  all  these  descriptions,  so  minutely  stated,  both  general  and 
particular,  and  of  ten  different  varieties  of  marl,  there  is  no  indica- 
tion that  calcareous  earth  is  an  essential  constituent  part;  nor  in- 
deed does  it  appear  that  it  was  deemed  a  constituent  part,  proper, 
even  in  the  two  varieties,  in  which  bits  of  chalk  are  found.  For 
these  are  accidental  admixtures,  as  would  be  any  silicious  sand,  or 
gravel,  or  land,  or  even  river  shells ;  none  of  which,  if  found  there- 
in, would  properly  belong  to  true  marl. 

The  well-deserved  reputation  of  Miller  is  a  sufficient  guaranty 
that  there  was  no  more  full  or  correct  knowledge  .of  marl,  in  his 
time,  than  he  possessed,  and  taught  in  the  foregoing  extracts. 

9.  Johnson's  Dictionary  (octavo  edition)  defines  marl  in  pre- 
cisely the  words  of  the  first  sentence  of  Miller,  as  quoted  above. 

10.  Walker's  Dictionary  (octavo  edition)  gives  only  the  fol- 
lowing definition — "  Marl — a  kind  of  clay  much  used  for  ma- 
nure." 

*  "Strong"  applied  to  soil  in  England  means  stifl'  or  clayey — and  in  this 
sense  I  presume  the  word  is  used  above.     E.  R. 
32* 
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11.  Kirwan,  on  tlie  authority  of  Arthur  Young  and  the  Bath 
Memoirs  [1783,]  states  that, 

"  In  some  parts  of  England,  ■where  husbandry  is  successfully  practised, 
any  loose  clay  is  called  marl ;  in  others,  marl  is  called  chalk,  and  in  others, 
clay  is  called  loam." — Kirwan  on  Manures,  p.  4. 

12.  A  Practical  Treatise  on  Buisbandry  (second  London  edition, 
4to.  1762,)  which  professes  to  be  principally  compiled  from  the 
writings  of  Duhamel,  Evelyn,  Home,  and  Miller,  supplies  the  fol- 
lowing quotations : 

"But  of  all  the  manures  for  sandy  soils,  none  is  so  good  as  marl.  There 
are  many  different  kinds  and  colours  of  it,  seyerally  distinguished  by  many 
writers ;  but  their  virtue  is  the  same ;  they  may  be  all  used  upon  the  same 
ground,  without  the  smallest  difference  in  their  effect.  The  colour  is  either 
red,  brown,  yellow,  gray,  or  mixed.  It  is  to  be  known  by  its  pure  and  un- 
compounded  nature.  There  are  many  marks  to  distinguish  it  by ;  such  as 
its  breaking  into  little  square  bits;  its  falling  easily  into  pieces,  by  the 
force  of  a  blow,  or  upon  being  exposed  to  the  sun  and  the  frost ;  its  feeling 
fat  and  oily,  and  shining  when  it  is  dry.  But  the  most  unerring  way  to 
judge  of  marl,  and  know  it  from  any  other  substance,  is  to  break  a  piece  as 
big  as  a  nutmeg,  and  when  it  is  quite  dry,  drop  it  into  a  glass  of  clear 
water,  where,  if  it  be  right,  it  will  dissolve  and  crumble,  as  it  were,  to 
dust,  in  a  little  time,  shooting  up  sparkles  to  the  surface  of  the  water." — 
p.  27. 

Not  the  slightest  hint  is  here  of  any  calcaftous  ingredient  being 
necessary,  or  even  serving  in  any  manner  to  distinguish  marl.  But 
afterwards,  in  another  part  of  this  work,  when  shell  marl  is  slightly 
noticed,  it  is  said  : 

"  This  effervesces  strongly  with  all  acids,  which  is  perhaps  chiefly  owing 
to  the  shells.  There  are  very  good  marls  which  show  nothing  of  this  effervescence  ; 
and  therefore  the  author  of  the  New  System  of  Agriculture  judged  right  in 
making  its  solution  in  water  the  distinguishing  mark." — p.  29. 

The  last  sentence  declares,  as  clearly  as  any  words  could  do,  that, 
in  the  opinion  of  the  author,  no  calcareous  ingredient  is  necessary, 
either  to  constitute  the  character,  or  the  value  of  marl.  And 
though  it  may  be  gathered  from  other  parts  of  this  work,  that  what 
is  called  marl  generally  contains  calcareous  earth,  yet  no  import- 
ance seems  attached  to  that  quality,  any  more  than  to  the  particular 
colour  of  the  earth,  or  any  other  accidental  or  immaterial  appearance 
of  some  of  the  varieties  described. 

The  "  shell  marl"  alluded  to  above,  without  explanation  might 
be  supposed  to  be  similar  to  our  beds  of  fossil  shells,  which  are 
called  marl.  The  two  manures  are  very  different  in  form,  appear- 
ance, and  value,  though  agreeing  in  both  being  calcareous.  The 
manure  called  shell  marl  by  the  work  last.quoted  from,  is  described 
there  with  sufficient  precision,  and  more  fully  in  several  parts  of  the 
Edinburgh  Farmers'  Magazine,*  and  in  the  Memoirs  of  the  Phila- 


*  See  Farmers'  Register,  vol.  i.,  p.  90. 
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delphia  Agricultural  Society,*  [and  in  the  late  edition  of  Stephens' 
Book  of  the  Farm,  as  quoted  above].  It  is  still  more  unlike  marl, 
properly  so  called,  than  any  of  the  substances  described  under  that 
name,  in  the  foregoing  quotations.  This  manure  is  almost  a  pure 
calcareous  earth,  being  formed  of  the  remains  of  small  fresh-water 
shells  deposited  on  what  were  once  the  bottoms  of  lakes,  but  which 
have  since  become  covered  with  bog  or  peat  soil.  If  I  may  judge 
from  our  beds  of  mussel  shells  (to  which  this  manure  seems  to  bear 
most  resemblance),  much  putrescent  animal  matter  is  combined 
with,  and  serves  to  give  additional  value  to  these  bodies  of  shells. 
This  kind  of  manure  is  sold  in  Scotland  by  the  bushel,  at  such 
prices  as  show  that  it  is  very  highly  prized.  It  seems  to  be  found., 
but  in  few  situations,  and  though  called  a  kind  of  marl,  is  never 
meant  when  that  term  alone  is  used  by  British  writers. 

13.  A  much  older  work  than  either  of  these  referred  to  fur- 
nishes in  part  the  definitions  and  even  the  words  used  above.  This 
is  the  "  Systema  Agriculture,  the  Mystery  of  Husbandry  dis- 
covered," published  in  1687;  and  the  author  or  compiler  of  that 
old  work  was  probably  indebted  to  others  still  ol^er  for  his  descrip- 
tion of  marl.  For  new  books  on  agriculture,  more  especially, 
have  been  most  generally  made  by  compiling  and  copying  from 
older  ones. 

"  Marie  is  a  very  excellent  thing,  commended  of  all  that  either  write  or 
practise  any  thing  in  husbandry.  There  are  several  kinds  of  it,  some  stoni/, 
some  .lo/i,  white,  gray,  russet,  yellow,  blew,  black,  and  some  red :  It  is  of  a 
cold  nature  and  saddens  land  exceedingly ;  and  very  heavy  it  is,  and  wiU 
go  downward,  though  not  so  much  as  lime  doth.  The  goodness  or  badness 
thereof  is  not  known  so  much  by  the  colour,  as  by  the  purity  and  uncom- 
poundness  of  it ;  for  if  it  will  break  into  bits  like  a  dye,  or  smooth  like  lead 
oar,  without  any  composition  of  sand  or  gravel ;  or  if  it  wUl  slake  like  slate- 
stones,  and  slake  or  shatter  after  a  shower  of  rain,  or  being  exposed  to  the 
sun  or  air,  and  shortly  after  turn  to  dust  when  it's  thoroughly  dry  again, 
and  not  congeal  like  tough  clay,  question  not  the  fruitfulness  of  it,  notwith- 
standing the  difference  of  colours,  which  are  no  certain  signs  of  the  good- 
ness of  the  marie.  As  for  the  slipperiness,  viscousness,  fattiuess,  or  oyliness 
thereof,  although  it  be  commonly  esteemed  a  sign  of  good  marie,  yet  the 
best  authors  affirm  the  contrary — viz.  that  there  is  very  good  marie  which 
Is  not  so,  but  lieth  in  the  mine  pure,  dry  and  short,  yet  nevertheless  if  you 
water  it,  you  will  find  it  slippery.  But  the  best  and  truest  rule  to  know 
the  richness  and  profit  of  your  marie,  is  to  try  a  load  or  two  on  your  lands, 
in  several  places  and  in  different  proportions. 

"  They  usually  lay  the  same  on  in  small  heaps,  and  disperse  it  over  the 
whole  field,  as  they  do  their  dung ;  and  this  marie  will  keep  the  land 
whereon  it  is  laid,  in  some  places  ten  or  fifteen,  and  in  some  places  thirty 
years  in  heart:  it  is  most  profitable  in  dry,  light,  and  barren  lands,  such  as 
is  most  kind  and  natural  for  rye,  as  is  evident  by  Mr.  Blithe' s  experiment 
in  his  chapter  of  marie.  It  also  affordeth  not  its  vertue  or  strength  the  first 
year,  so  much  as  in  the  subsequent  years.     It  yields  a  very  great  increase 

*  Vol.  iii.  p.  206. 
32* 
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and  advantage  on  high,  sandy,  gravelly,  or  mixed  lands.  Though  never  so 
barreu,  strong  clay  ground  is  unsuitable-  to  it ;  yet  if  it  can  be  laid  dry, 
marie  may  be  profitable  on  that  also." 

The  author  then  proceeds  to  direct  the  mode  of  application  more 
particularly ;  and  if  there  were  any  doubt  as  to  his  total  ignorance 
(or  otherwise  denial)  of  calcareous  earth  being  necessary  to  the 
constitution  of  marl,  that  doubt  would  be  removed  by  a  subsequent 
sentence. 

"You  shall  observe  (saith  Markham,)  that  if  you  cannot  get  dry,  per- 
fect, and  rich  marie,  if  then  you  can  get  of  that  earth  which  is  called 
fuller's  earth  (and  where  the  one  is  not,  commonly  the  other  is),  then  you 
may  use  it  in  the  same  manner  as  you  should  do  marie,  and  it  is  found  to 
be  very  near  as  profitable." 

14.  Evelyn's  Terra,  or  PTiilosophical  Discourse  of  Earths, 
&c.,  delivered  before  the  Koyal  Society  in  1675,  has  the  following 
passage : 

"  Of  marie  (of  a  cold  sad  nature,  a  substance  between  clay  and  chalk), 
seldom  have  we  such  quantities  in  layers  as  we  have  of  forementioned 
earth ;  but  we  commonly  meet  with  it  in  places  affected  to  it,  and  it  is 
taken  out  of  pits,  at  different  depths,  and  of  divers  colours,  red,  white, 
gray,  blue,  all  of  them  unctuous,  and  of  a  slippery  nature,  and  differing  in 
goodness ;  for  being  pure  and  immixt,  it  sooner  relents  after  a  shower,  and 
when  dryed  again,  slackens,  and  crumbles  into  dust,  without  induration,' 
and  growing  hard  again.  They  are  profitable  for  barreu  grounds,  as 
abounding  in  nitre ;  and  sometimes  there  has  been  found  in  marie,  delfs,  a 
vitriolic  wood,  which  will  kindle  like  coal." 

The  opinions  expressed  in  the  foregoing  extracts,  prove  suffi- 
ciently that  it  was  not  the  ignorant  cultivators  only,  who  either  did 
not  know  of,  or  attached  no  importance  to  the  calcareous  ingredient 
in  marl;  and  it  was  impossible  that,  from  any  number  of  such 
authors,  an  American  reader  could  learn  that  either  the  object  or 
the  elFect  of  marling  was  to  render  a  soil  more  calcareous — or  that 
our  bodies  of  fossil  shells  resembled  marl  in  character,  or  in  opera- 
tion as  a  manure.  Of  this,  the  following  quotation  from  a  modern 
and  also  an  American  agriculturist  and  author,  Bordley,  will  fur- 
nish striking  proof — and  the  more  so  as  he  refers  frequently  to  the 
works  of  Anderson,  and  of  Young,  who  treated  of  marl  and  of  cal- 
careous manures,  in  a  more  scientific  and  correct  manner  than  had 
then  been  usual.  This  author  cannot  be  justly  charged  with  in- 
attention to  the  instruction  to  be  gained  from  books ;  for  his  greatest 
fault,  as  an  agriculturist,  is  his  fondness  for  applying  the  practices 
of  the  most  improved  husbandry  of  England,  to  our  lands  and 
situations,  however  different  and  unsuitable — which  he  carried  to 
an  extent  that  is  ridiculous  as  theory,  and  would  be  ruinous  to  the 
farmer  who  should  so  shape  his  general  practice. 

15.  "I  farmed  in  a  country  [the  Eastern  Shore  of  Maryland]  where 
habits  are  against  a  due  attention  to  manures :  but  having  read  of  the  ap- 
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plication  of  marl  as  a  manure,  I  inquired  where  there  was  any  in  the  penin- 
sula of  the  Chesapeake  in  vain.  My  own  farm  had  a  grayish  clay  which  to 
the  eye  was  marl :  but  because  it  did  not  eSfervesoe  with  acids,  it  was 
given  up  when  it  ought  to  have  been  tried  on  the  land,  especiaUy  as  it  ra- 
pidly crumbled  and  fell  to  mud,  in  water,  with  some  appearance  of  effer- 
vescence."— Bordley'3  Husbandry,  2d  cd.,  p.  55. 

That  peninsula,  through  which  Mr.  Bordley  in  vain  inquired  for 
marl,  has  immense  quantities  of  the  fossil  shells  which  we  impro- 
perly call  by  that  name.  But  as  his  search  was  directed  to  marl 
as  described  by  English  authors — and  not  to  calcareous  earth  sim- 
ply— ^it  is  not  to  be  wondered  at  that  he,  well-read  and  intelligent 
as  he  was,  should  neither  find  the  former  substance,  nor  attach 
enough  importance  to  the  latter,  to  induce  the  slightest  remark  on 
its  probable  use  as  manure. 

16.  The  Practical  Treatise  on  Husbandry,  among  the  directions 
for  improving  clay  land,  has  what  follows : 

"  Sea  sand  and  sea  shells  are  used  to  great  advantage  as  a  manure, 
chiefly  for  cold  strong  [i.  e.  clay]  land,  and  loam  inclining  to  clay.  They 
separate  the  parts ;  and  the  salts  which  are  contained  in  them  are  a  very 
great  improvement  to  the  land.  Coral,  and  such  kind  of  stony  plants 
which  grow  on  the  rocks,  are  filled  vrith  salts,  which  are  very  beneficial  to 
land.  But  as  these  bodies  are  hard,  the  improvement  is  not  the  first  or 
second  year  after  they  are  laid  on  the  ground,  because  they  require  time  to 
pulverize  them,  before  their  salts  can  mix  with  the  earth  to  impregnate  it. 
The  consequence  of  this  is,  that  their  manure  is  lasting.  Sand,  and  the 
,  smaller  kind  of  sea  weeds,  will  enrich  land  for  six  or  seven  years ;  and 
shells,  coral,  and  other  hard  bodies,  will  continue  many  years  longer. 

"  In  some  countries  fossil  shells  have  been  used  with  success  as  manure ; 
but  they  are  not  near  so  full  of  salts,  as  those  shells  which  are  taken 
from  the  sea-shore ;  and  therefore  the  latter  are  always  to  be  preferred. 
Sea  sand  is  much  used  as  manure  in  Cornwall.  The  best  is  that  which  is 
intimately  mixed  with  coral." — p.  21. 

After  stating  the  manner  in  which  this  "  excellent  manure"  is 
taken  up  from  the  bottom,  in  barges,  its  character  is  thus  con- 
tinued : 

"  It  [i.  e.  the  sea  sand  mixed  with  coral,  as  it  may  happen]  gives  the 
heat  of  lime,  and  the  fatness  of  oil,  to  the  land  it  is  laid  upon.  Being 
more  solid  than  shells,  it  conveys  a  greater  quantity  of  fermenting  earth  in 
equal  space.  Besides,  it  does  not  dissolve  in  the  ground  so  soon  as  shells, 
but  decaying  more  gradually,  continues  longer  to  impart  its  warmth  to  the 
juices  of  the  earth." 

Here  are  described  manures  which  are  known  to  be  calcareous, 
which  ,are  strongly  recommended — but  solely  for  their  supposed 
mechanical  effect  in  separating  the  parts  of  close  clays,  and  on  ac- 
count of  the  salts  derived  from  sea-water,  which  they  contain. 
Indeed,  no  allusion  is  made  to  any  supposed  value,  or  even  to  the 
presence  of  calcareous  earth,  which  forms  so  large  a  proportion  of 
these  manures ;  and  the  fossil  shells  (in  which  that  ingredient  is 
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more  abundant,  more  finely  reduced,  and  consequently  more  fit  for 
both  immediate  and  durable  effects)  are  considered  as  less  effica- 
cious than  solid  sea  shells,  and  inferior  to  sea  sand.  All  these 
substances,  besides  whatever  service  their  salts  may  render,  are  pre- 
cisely the  same  kind  of  calcareous  manure,  as  our  beds  of  fossil 
shells  furnish  in  a  different  form.  Yet  neither  here  nor  elsewhere, 
does  the  author  intimate  that  these  manures  and  marl  have  similar 
powers  for  improving  soils. 

The  foregoing  quotations  show  what  opinions  have  been  expressed 
by  English  writers  of  reputation,  and  what  opinion  would  thence 
necessarily  be  formed  by  a  general  reader  of  these  and  other  agri- 
cultural works,  of  the  nature  of  what  is  called  marl  in  England,  as 
well  as  what  is  so  named  in  this  part  of  our  country.  I  do  not 
mean  that  other  authors  have  not  thought  more  correctly,  and 
sometimes  expressed  themselves  with  precision  on  this  subject. 
Mineralogists  define  marl  to  be  a  calcareous  clay  ;  and  in  this  cor- 
rect sense,  the  term  is  used  by  Davy,  and  other  chemical  agricul- 
turists. Such  authors  as  Young  and  Sinclair  also  could  not  have 
been  ignorant  of  the  true  composition  of  marl ;  yet  even  they  have 
used  so  little  precision  or  clearness,  when  speaking  of  the  effects  of 
marling,  that  their  statements  (however  correct  they  may  be  in  the 
sense  they  intended  them)  convey  no  exact  information,  and  have 
not  served  to  remove  the  erroneous  impressions  made  by  the  great 
body  of  their  predecessors.  Knowing  as  Young  did  [see  above, 
11]  the  confusion  in  which  this  subject  was  involved,  it  was  the 
more  incumbent  on  him  to  be  guarded  in  his  use  of  terms  so  gene- 
rally misapplied.  Yet  considering  his  practical  and  scientific 
knowledge  as  an  agriculturist,  his  extensive  personal  observations, 
and  the  quantity  of  matter  he  has  published  on  soils  and  calcareous 
manures,  his  omissions  are  more  remarkable  than  those  of  any 
other  writer.  In  such  of  his  works  as  I  have  met  with,  though 
full  of  strong  recommendations  of  marling,  in  no  case  does  he  state 
the  composition  of  the  soil  (as  respects  its  calcareous  ingredient), 
or  the  proportion  added  by  the  operation ;  and  generally  notices 
neither,  as  if  he  viewed  marling  just  in  the  same  loose  and  incor- 
rect manner  as  most  others  have  done.  These  charges  are  supported 
by  the  following  extracts  and  references. 

17.  Young's  Farmer's  Calendar,  10th  London  edition,  page 
40. — On  marling.  Through  nearly  four  pages  this  practice  is 
strongly  recommended — but  the  manures  spoken  of,  are  regularly 
called  "  marl  or  clay,"  and  their  application,  "  marling  or  claying." 
Mr.  Eodwell's  account  of  his  practice  (which  I  before  referred  to, 
p.  Ill,)  is  inserted  at  length.  On  leased  land  he  "  clayed  or  marled" 
eight  hundred  and  twenty  acres  with  one  hundred  and  forty  thou- 
sand loads,  and  at  a  cost  of  four  thousand  nine  hundred  and  fifty- 
eight  pounds — and  the  business  is  stated  to  have  been  attended 
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with  great  profit.  At  last,  the  author  lets  us  know  that  it  is  not 
the  same  substance  that  he  has  been  calling  "  marl  or  clay" — and 
that  the  marl  effervesces  strongly  with  dcids,  and  the  clay  slightly. 
But  we  are  told  nothing  more  precise  as  to  the  amount  of  calcare- 
ous ingredients,  either  in  the  manures,  or  the  soil ;  and  even  if  we 
were  informed  on  those  heads  (without  which  we  can  know  little  or 
nothing  of  what  the  operation  really  is),  we  are  left  ignorant  of 
how  much  was  clayed,  and  how  much  marled.  It  is  to  be  inferred, 
however,  that  the  clay  was  thought  most  serviceable,  as  Mr.  Kod- 
well  says — 

"  Clay  is  muoli  to  be  preferred  to  marl  on  those  sandy  soils,  some  of 
which  are  loose,  poor,  and  even  a  black  sand." 

18.  Young's  Survey  of  Norfolk  (a  large  and  closely  printed  oc- 
tavo volume)  has  fourteen  pages  filled  with  a  minute  description  of 
the  soils  of  that  county ;  but  without  any  indication  whatever  of 
the  proportion,  presence,  or  absence,  of  calcareous  earth  in  that 
extensive  district  of  sandy  soils,  so  celebrated  for  their  improve- 
ment by  marling — nor  in  any  other  part  of  the  county.  The  wastes 
are  very  extensive  :  one  of  them  (page  385)  eighteen  miles  across, 
quite  a  desert  of  sand,  "  yet  highly  improvable."  Why  it  is  im- 
provable he  does  not  say,  as  of  this  also,  no  information  is  given 
as  to  its  calcareous  constitution. 

19.  The  section  on  marl  (page  402,  of  the  same  work)  gives 
concise  statements  of  its  application,  with  general  notices  of  its 
effects,  on  near  fifty  different  parishes,  neighbourhoods,  or  separate 
farms.  Among  all  these,  the  only  statements  from  which  the  cal- 
careous nature  of  the  manure  may  be  gathered,  are  (page  406),  of 
a  marl  that  "  ferments  strongly  with  acids!' — another  (page  409), 
that  marling  at  a  particular  place  destroys  sorrel — and  (page  410) 
that  the  marl  is  generally  calcareous,  and  that  that  containing  the 
most  day,  and  the  least  calcareous  earth,  is  preferred  by  most  per- 
sons, but  not  by  all, 

20.  Young's  General  View  of  the  Agriculture  of  SuffoUc  (an 
octavo  of  482  pages  of  close  print),  in  the  description  of  soils, 
affords  no  information  as  to  any  of  them  being  calcareous,  or  other- 
wise ;  yet  the-  author  mentions  (page  3)  having  analyzed  some  of 
the  soils,  and  reports  their  aluminous  and  silicious  ingredients. 
Nor  can  more  be  learned  in  this  respect,  in  the  long  account  after- 
wards given  of  the  "  marl"  which  has  been  very  extensively  applied 
also  in  the  county  of  Suffolk.  We  may  gather,  however,  from  the 
following  extracts,  that  the  "  marl  or  clay"  of  Suffolk  is  generally 
calcareous,  but  that  this  quality  is  not  considered  the  principal 
cause  of  its  value ;  and  further,  that  crag,  a  much  richer  calcareous 
manure  (which  seems  to  be  the  same  with  our  richest  beds  of  fossil 
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shells,  or  marl),  is  held  to  be  injurious  to  the  sandy  soils,  which 
are  so  generally  improved  by  what  is  there  called  marl. 

"  Claying — a  term  in  Suffolk,  which  includes  marling ;  and  indeed  the 
earth  carried  under  this  term  is  very  generally  a  clay  marl ;  though  a  pure, 
or  nearly  a  pure  clay,  is  preferred  for  very  loose  'sands." — Young's  Suffolk, 
p.  186. 

After  speaking  of  the  great  value  of  this  manure  on  light  lands, 
he  adds  : 

"But  when  the  clay  is  not  of  a  good  sort,  that  ia,  when  there  is  really 
none,  or  scarcely  any  clay  in  it,  but  is  an  imperfect  and  even  a  hard  chalk, 
there  are  great  doubts  how  far  it  answers  and  in  some  cases  has  been  spread 
to  little  profit."— p.  187. 

"Part  of  the  under  stratum  of  the  county  is  a  singular  body  of 
cockle  and  other  shells,  found  in  great  masses  in  various  parts  of  the 
country,  from  Dunwioh  quite  to  the  river  Orwell,  &c." — "  I  have  seen  pita 
of  it  to  the  depth  of  fifteen  or  twenty  feet,  from  which  great  quantities  had 
been  taken  for  the  purpose  of  improving  the  heaths.  It  is  both  red  and 
white,  and  the  shells  so  broken  as  to  resemble  sand.  On  lands  long  in 
tillage,  the  use  is  discontinw.d,  as  it  is  found  to  make  the  sands  blow  more." 
[That  is,  to  be  moved  by  the  winds.]-!— p.  5. 

21.  Ih^  Essay  on  Manures,  by  Arthur  Young,  for  which  the 
author  was  honoured  with  the  Bedford  medal,  speaks  distinctly 
enough  of  the  value  of  marl  being  due  to  its  calcareous  ingredient 
(as  this  author  doubtless  always  knew,  notwithstanding  the  loose- 
ness of  most  of  his  remarks  on  this  head) ;  but  at  the  same  time 
he  furnishes  some  of  the  strongest  examples  of  absurd  inferences, 
or  of  gross  ignorance  of  the  mode  in  which  calcareous  earth  acts 
as  an  ingredient  of  soil,  and  the  proportion  which  soils  ought  to 
contain.     These  are  his  statements,  and  his  reasoning  thereon  : 

"It  is  extremely  difficult  to  discover,  from  the  knowledge  at  present 
possessed  by  the  public,  what  ought  to  be  the  quantity  of  calcareous  earth 
in  a  soil.  The  best  specimen  analyzed  by  Giobert  had  6  per  cent. ;  by 
Bergman,  30  per  cent. ;  by  Dr.  Fordyce,  2  per  cent. ;  a  rich  soil,  quoted 
by  Mr.  Davy,  in  his  lecture  at  the  Royal  Institution,  11  per  cent.  This  is 
an  inquiry,  concerning  which  I  have  made  many  experiments,  and  on  soils 
of  the  most  extraordinary  fertility.  In  one,  the  proportion  was  equal  to 
9  per  cent. ;  in  another  20  per  cent. ;  another,  3  per  cent. ;  and  in  a  spe- 
cimen of  famous  land,  which  I  procured  from  Flanders,  17  per  cent.  But 
the  circumstance  which  much  perplexes  the  inquiry  is,  that  many  poor 
soils  possess  the  same  or  nearly  the  same  proportions  as  these  most 
fertile  ones.  To  attain  the  truth,  in  so  important  a  point,  induced  me  to 
repeat  many  trials,  and  to  compare  every  circumstance ;  and  I  am  disposed 
to  conclude,  that  the  necessity  of  there  being  a  large  proportion  of  calcareous 
earth  in  a  soil  depends  on  the  deficiency  of  organic  [i.  e.  vegetaljle  or  animal] 
matter ;  of  that  organic  matter  which  is  [partly]  convertible  into  hydrogen 
gas.  If  the  farmer  finds,  by  experiment,  that  his  soil  has  but  a  small 
quantity  of  organic  matter,  or  knows  by  his  practice  that  it  is  poor,  and 
not  worth  more  than  10s.,  15s.  or  20s.  an  acre,  he  may  then  conclude  that  there 
ought  to  be  20  per  cent,  of  calcareous  earth  in  it ;  but,  if,  on  the  contrary,  it 
abound  with  organic  matter,  and  be  worth  in  practice  a  much  larger  rent, 
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in  that  case  his  marl  cart  irill  not  bo  called  for.  though  there  be  but  5  per 
cent,  or  even  less,  of  calcareous  matter."— Jo«no'«  Essay  on  Manures— 
Sect.  2. 

It  is  scarcely  necessary  to  state,  that  the  opinion  of  calcareous 
matter  being  needed  in  larger  quantities  in  proportion  to  the  defi- 
ciency/ of  the  "  organic"  or  putrescent  matter,  is  directly  opposed 
to  the  reasoning  of  this  essay.  If  a  poor  soil  were  made  to  contain 
twenty  per  cent,  of  calcareous  matter,  by  applying  lime,  chalk,  or 
marl,  the  quantity  and  the  expense  would  be  so  enormous  as  not  to  be 
justified  by  any  possible  return  ;  and  besides,  it  would  lessen  rather 
than  increase  the  product  of  a  poor  soil.  The  fact  named  as  strange 
by  Young,  that  some  rich  soils  contain  very  small,  and  others  very 
large  proportions  of  calcareous  earth,  is  easily  explained.  If  a  na- 
tural soil  contains  any  excess  of  calcareous  earth,  even  though  but 
one^  per  cent.,  it  shows  that  there  is  so  much  to  spare,  after  its 
having  served  every  purpose  of  neutralizing  acids  and  combining 
with  putrescent  matter.  If  there  were  twenty  per  eent.  more  of 
calcareous  matter,  it  would  be  useless,  and  indeed  probably  hurtful, 
until  met  by  an  additional  supply  of  putrescent  matter.  Young's 
statement  that  some  poor  soils  agree  precisely  with  other  rich  soils, 
in  their  contents  of  calcareous  earth,  does  not  necessarily  contra- 
dict my  doctrine  that  a  proper  proportion  of  calcareous  earth  will 
enable  any  soil  to  become  rich,  either  in  a  state  of  nature,  or  un- 
der mild  cultivation,  and  for  the  following  reasons : 

22.  1st.  The  correctness  of  Young's  analyses  of  soils  may  be 
well  doubted ;  and  if  he  used  the  then  usual  process  for  separating 
calcareous  earth,  he  was  obliged  to  be  incorrect  on  account  of  its 
unavoidable  imperfection,  as  has  been  already  explained  at  page 
57.  2d.  It  cannot  be  known  positively  what  was  the  original  state 
of  fertility  of  most  cultivated  soils  in  England,  nor  whether  they 
were  subjected  to  exhausting  or  improving  cultivation,  for  centuries 
before  our  information  from  history  begins.  3d.  Lime  has  been 
there  used  for  a  long  time,  and  to  great  extent ;  and  chalk  and 
marl  were  applied  as  manures  before  the  time  of  the  Roman  con- 
quest, as  stated  by  Pliny  (or  more  than  1800  years  ago) ;  so  that  it 
cannot  be  always  known  whether  a  soil  has  received  its  calcareous 
ingredient  from  nature,  or  the  industry  of  man.  4th.  It  is  known 
that  severe  cropping  after  liming,  and  also  excessive  doses  of  cal- 
careous earth,  have  rendered  land  almost  barren;  of  which  the 
following  extracts  offer  sufiScient  proof : — 

"  Before  1778  [in  East  Lothian],  the  out-field  did  not  receive  any  dung 
except  what  was  left  by  the  animals  grazed  upon  it.  In  many  eases,  out- 
field land  was  limed ;  and  often  with  singular  advantage.  The  after  man- 
agement was  uniformly  bad ;  it  being  customary  to  crop  the  limed  out-field 
with  barley  and  oats  successively,  so  long  as  the  crop  was  worth  cutting. 
In  this  way  numerous  fields  suffered  so  severely  as  to  be  rendered  almost 
sterile  for  half  a  century  after^weAa."— Farmer's  Magazine,  p.  53,  vol.  xii. 
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"  An  overdose  of  shell  marl  [that  from  under  peat,  above  described], - 
laid  perhaps  an  inch  thick,  produces  for  a  time  large  crops.  But  at  last  it 
renders  the  soil  a  caput  mortuum,  capable  of  bearing  neither  com  nor 
grass ;  of  which,  there  are  too  many  examples  in  Scotland,  &c. — Gentle- 
man Farmer,  p.  378. 

23.  Yet  the  last-quoted  writer  (Lord  Karnes)  elsewhere  states 
(at  page  379),  that  as  much  clay  marl  as  contains  1500  bolls  (or 
9000  bushels),  of  pure  calcareous  earth  to  the  acre,  is  not  an  over- 
dose in  Scotland. 

The  next  following  evidences  have  been  referred  to,  and  some 
of  them  at  greater  length,  in  previous  parts  of  this  essay.  They 
will  be  again  adduced  here,  because  of  their  peculiar  importance  in 
sustaining  my  positions.  The  particular  opinions  here  to  be  quoted 
are  from  writers  of  high  character  and  authority,  as  scientific  agri- 
culturists, or  chemists.  The  names  of  Sinclair,  Davy,  and  Morton 
(and  also  Young,  before  quoted),  deservedly  stand  among  the 
highest.  Moreover,  they  are  all  modern  authorities.  They  seve- 
rally had  all  the  lights  on  calcareous  manures  which  existed  before 
the  last  thirty  years  (or  later)  ;  and  certainly  each  of  them  well  knew 
what  was  true  marl,  its  mineralogical  and  chemical  character,  and 
also  what  was  calcareous  soil.  Sir  John  Sinclair  will  be  the  first 
of  these  quoted. 

24.  "  Marl.  Of  this  substance,  there  are  four  sorts,  rock — slate — clay — 
and  shell  marl.  The  three  former  are  of  so  heavy  a  nature  that  they  are 
seldom  conveyed  to  any  distance ;  though  useful  when  found  below  a  lighter 
soil,  to  which  they  can  be  applied  without  incurring  much  expense.  ,  But 
shell  marl  is  specifically  lighter,  and  consists  entirely  of  calcareous  matter 
(the  broken  and  partially  decayed  shells  of  fish),  which  may  be  applied  as 
a  top-dressing  to  wheat  and  grass,  when  it  would  be  less  advantageous  to 
use  quick-lime."  [This  is  the  kind  of  manure  referred  to  in  extract  12,  and 
there  more  particularly  described.]  "In  Lancashire  and  Cheshire,  clay, 
or  red  marl,  is  the  great  source  of  fertilization,  &c." — "The  quantity 
used  is  enormous ;  in  many  cases  about  three  hundred  middling  cart  loads 
per  acre,  anS  the  fields  are  sometimes  so  thickly  covered  as  to  have  the 
appearance  of  a  red  soiled  fallow,  fresh  ploughed". — Sinclair's  Code  of  Ag- 
riculture, Amer.  ed.  (Hartford)  p.  138,  and  5th  London  ed. 

This  account  of  the  Lancashire  improvements  made  by  red  clay 
marl  closes  with  the  statement  that  "  the  effects  are  represented  to 
•be  beneficial  in  the  highest  degree,"  which  is  fully  as  exact  an  ac- 
count of  profit,  or  increased  production,  as  we  can  obtain  of  any 
other  marling.  Throughout,  there  is  no  hint  as  to  the  calcareous 
constituents  of  the  soil  or  the  manure,  or  whether  either  rock,  clay, 
•  or  slate  marls,  generally,  are  valuable  for  that  or  for  other  reasons ; 
nor  indeed  could  we  guess  that  they  contained  any  calcareous  earth, 
but  for  their  being  classed  with  many  other  substances,  under  the 
general  head  of  calcareous  manures. 

But  we  may  learn  from  other  sources  that  the  "  red  marl"  of 
Lancashire  is  calcareous,  and  that  the  soil  to  which  it  was  applied 
is  also  calcareous.     This  character  of  the  marl  is  distinctly  stated 
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by  the  Agricultural  Surveyor  of  Lancashire,  in  his  Keport  to  the 
Board  of  Agriculture  (of  which  Sir  John  Sinclair  was  president), 
and  the  calcareous  character  of  the  soil  is  inferred  from  its  being 
of  the  "new red  sand-stone  formation,"  which  is  highly  calcareous, 
and  also  from  Morton's  speaking  of  the  "  red  marl"  in  some  parts 
forming  the  surface  soil. 

25.  The  Keport  of  the  Agricultural  Survey  of  Lancashire  (made 
to  and  published  by  the  Board  of  Agriculture)  states  the  general 
practice,  and  also  particular  cases  of  the  enormous  quantities  and 
consequent  great  cost  of  the  marlings  of  that  country.  All  the 
marl  (or  "clay"  as  called  in  some  cases)  is  calcareous.  It  lies 
under  the  surface  generally  of  every  field,  and  at  no  great  depth, 
and  sometimes  forms  the  surface  soil.  Of  course  the  access  to 
and  working  the  marl  could  not  well  be  cheaper.  Yet  so  heavy 
are  the  usual  dressings,  3000  to  more  than  10,000  bushels  to  the 
statute  acre,  that  the  improvement  is  very  costly.  Actual  expendi- 
tures are  stated  ranging  from  $35  to  $65  the  acre,  for  a  single 
marling,  at  short  distances  and  with  the  other  usual  facilities  of  the 
locality.  We  might  safely  infer  that  these  great  labours  are  not 
necessary  or  even  useful  for  the  purpose  of  furnishing  lime  to  the 
soil;,  and  still  less  if  to  a  soil  already  calcareous.  And  of  the 
correctness  of  this  inference  the  author  leaves  no  doubt  in  the  fol- 
lowing subsequent  passage  of  his  Keport : — 

"  Undoubtedly  the  calcareous  matter  contained  in  either  marl  [i.  e.  the 
^  "richer  marl"  having  40  per  cent,  or  more,  or  the  "  clay,"  of  20  or  22 
per  cent,  of  carbonate  of  lime],  is  of  the  highest  importance ;  but  obviat- 
ing the  natural  deficiencies  of  the  soil,  by  adding  sand  to  clay,  or  clay  to 
sand,  is  of  more  consequence  than  the  mere  calcareous  stimulus,  which 
might  be  obtained  at  a  much  lighter  expense"  [by  liming]. 

26.  Of  the  agricultural  character  of  the  lands  on  the  "  new  red 
sand-stone  formation"  (which  includes  the  red  marl  land  of  Lan- 
cashire), Morton  says — 

"  In  Devon  and  Somersetshire,  this  is  an  unctuous  friable  clay,  or  red 
marly  soil  of  the  first  quality.  It  is  friable  enough  for  turnips,  yet  suffi- 
ciently tenacious  for  beans  and  wheat,  and  produces  the  richest  and  most 
luxuriant  crops  of  any  soil  in  the  kingdom ;  and  the  only  manure  that  seems 
necessary  is  the  application  of  lime,  with  which  it  produces  increased  crops  on 
every  repetition.  The  efi'ects  of  lime  on  the  red  marl,  are  much  greater  i*. 
Somerset  and  Devonshire  than  in  any  other  portion  of  the  soil  of  this 
formation. 

"  Wherever  the  red  marl  comes  to  the  surface,  it  forms  a  rich  red  fria- 
ble loam,"  &c.— "  The  nature  of  the  soil  is  clay,  calcareous  matter  or  marl, 
slippery  and  greasy  when  wet,  and  of  a  soapy  feel  when  dry,"  &c.  (Mor- 
ton on  Soils,  4th  London  ed.,  pp.  70,  71.) 

Now  whatever  may  be  the  benefits,  and  however  great,  of  apply- 
ing lime  to  these  already  calcareous  soils  (if  the  so  called  "marl" 
is  indeed  calcareous),  the  operation  is  most  certainly  not  that  of 
calxing,  or  the  marling  which  I  have  recommended. 
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27.  The  marling  of  Norfolk  county  is  the  most  celebrated  in 
England  for  the  great  extent  of  the  operation,  and  the  great  im- 
provements thereby  made.  Yet  the  following  passage  from  the 
same  writer  will  clearly  show  that  the  ordinary  operation  called 
"  marling"  in  Norfolk  is  entirely  different  from  the  chemical  action 
I  propose : 

"So  oonvinoed"  (says  Morton,  at  p.  29),  "are  the  farmers  of  Norfolk 
and  Suffolk  of  the  value  of  the  clay  or  chalk  marl  [both  certainly  calcare- 
ous] as  an  alterative  to  their  sandy  surface,  that  they  generally  chalk  or 
clay  their  land  onee  in  eight  years  at  least,  and  sometimes  oftener ;  and  by 
allowing  100  cubic  yards  to  the  acre,  incur  an  expense  of  hOs.  [more  than 
$12]  per  acre,  for  digging,  wheeling,  and  spreading.  It  is  solely  by  this 
process,  that  the  Norfolk  sandy  soil,  which  naturally  was  of  the  most 
worthless  kind,  and  produced  nothing  but  heath  and  bent,  for  a  few  starr- 
ing sheep,  is  now  conyerted  into  good  sandy  loam,  which  yields  large  crops 
of  turnips,  barley,  and  wheat." 

Now  the  first  application  certainly  included  the  chemical  opera- 
tion which  I  call  marling  (or  calxing)  the  soil — ^if  it  was  not  before 
calcareous.  If  calcareous  by  nature,  even  the  first  artificial  appli- 
cation would  have  no  such  chemical  action.  But  much  more  than 
half  of  even  the  first  application,  and  all  of  each  of  the  subsequent 
applications,  made  every  eight  years  or  oftener,  in  great  quantity 
and  at  great  expense,  was  merely  mechanical  in  its  action,  was  hot 
rendering  the  soil  calcareous  (it  being  enough  so  before),  and,  in 
short,  was  in  no  respect  the  chemical  process  which  I  have  defined 
and  recommended,  as  marling.  We  may  infer  that  in  all  these 
later  applications,  the  carbonate  of  lime  in  the  marl  produced  no 
chemical  effect,  and  acted  only  mechanically,  if  at  all ;  and  that  it 
was  the  clay,  that  acted  most  beneficially,  and  altogether  mechani- 
cally. 

28.  "  In  Hampshire  and  Berks,  2880  bushels  per  acre  [of  chalk,  nearly 
pure  carbonate  of  lime]  are  applied  with  great  advantage,  at  the  expense 
of  42s."  [Morton  on  Soils,  p.  154.) 

29.  There  can  be  no  higher  authority  than  Sir  Humphrey  Davy's, 
for  established  scientific  opinions,  at  the  time  he  wrote,  as  to  the 
characters  of  soils  and  mineral  manures.  His  "  Lectures  on  Agri- 
cultural Chemistry"  contain  the  following  passage — which  with 
others  of  similar  import  remained  unaltered  in  his  latest  published 
edition  : — 

"  Chalk  and  marl,  or  carbonate  of  lime,  will  only  improve  the  texture  of  a 
soil,  or  its  relation  to  absorption;  it  acts  merely  as  one  of  its  earthy  ingre- 
dients."    [Agr.  Chem.  4th  London  ed.  of  1835,  Lecture  vii.) 

Of  course,  neither  this  illustrious  chemist,  nor  Professor  John 
Davy,  who  issued,  with  his  notes,  this  edition  of  his  then  deceased 
brother's  great  work,  could  have  had  any  conception  of  the  chemi- 
cal action  of  carbonate  of  lime,  when  applied  in  such  small  quan- 
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titles  as  merely  to  make  its  presence  evident  to  tlie  analyzer,  in  a 
soil  before  entirely  deficient. 

30.  The  next  following  quotation  offers  the  most  remarkable 
evidence  of  erroneous  opinions  of  the  chemical  action  of  different 
mineral  manures,  uttered  by  a  modern  author  of  the  highest  repu- 
tation as  a  scientific  agriculturist.  Sir  John  Sinclair  was  a  volu- 
minous and  able  writer.  Presiding  over  the  British  Board  of  Agri- 
culture, he  mainly  directed  its  operations,  and  of  course  was  fami- 
liar with  all  the  lights  of  British  agriculture  brought  together  in 
the  published  reports  of  all  the  agricultural  surveys  of  the  counties 
of  Great  Britain  and  Ireland.  Moreover,  the  professed  object  of 
his  latest  work,  the  "Code  of  Agriculture"  was  to  present  a 
digest  of  all  the  valuable  facts  and  instructions  elicited  by  all  those 
voluminous  surveys  and  reports,  and  tested  and  established  by  judi- 
cious and  authoritative  approval.  Yet  in  the  5th  London  edition 
of  his  "  Code  of  Agriculture,"  as  late  as  1832,  and  with  numerous 
recent  additions  and  improvements  to  the  work,  the  following  pas- 
sages stand  in  an  article  with  the  title  below : — 

"  On  bones  as  a  manure,  and  on  the  use  of  shells,  shell-marl  and  coral 
for  the  same  beneficial  purposes." 

"Were  the  advantages  of  the.  discovery  restricted  to  the  use  of  bones 

alone,  as  they  might  possibly  be  exhausted,  or  raised  in  price,  it  would  be 
less  important ;  but  fortunately  the  shells  of  oysters,  and  other  fish,  are 
found  to  be  equally  effectual.  Shell  marl  also,  'which  abounds  in  many  parts 
of  the  kingdom,  may  be  applied  to  similar  purposes ;  and  coral,  the  banks 
of  which  are  abundant  even  on  our  own  coasts,  is  found  to  be  equally  use- 
ful. In  short,  it  is  impossible  to  foresee  what  may  be  the  ultimate  results 
of  this  'new  source  of  improvement,  for  by  a  small  quantity  [25  bushels  to 
the  acre,  as  elsewhere  directed]  of  pounded  bones  or  shells,  great  crops  of 
turnips  may  be  raised ;  and  with  the  manure  which  these  turnips  produce, 
abundant  crops  of  corn  may  be  obtained  even  on  the  poorest  soils,  with  the 
aid  of  a  judicious  rotation."  [Code  of  Agr.,  5th  Lon.  ed.  p.  141,  Appendix.) 
*  *  *  "As  bones  are  likely  to  bepome  a  scarce  article,  it  is  a  most  fortu- 
nate circumstance  that  the  shells  of  oysters  and  other  shell-fish,  when  properly 
reduced  in  size,  have  been  found  equally  useful  as  a  manure.  Their  utility 
would  be  much  increased  if  they  were  sprinkled  with  sulphuric  acid,  by 
the  addition  of  which  they  would  be  converted  into  gypsum."    (p.  146.) 

Thus,  the  distinguished  author,  as  late  as  1832,  asserts  that 
substances  whose  manuring  principles  are  almost  exclusively  com- 
posed of  carbonate  of  lime,  will  serve  to  substitute,  and  act  alike 
and  as  effectually,  as  those  which  are  almost  exclusively  composed 
of  phosphate  of  lime  (and  of  fatty  and  gelatinous  animal  matter, 
if  these  remain) ;  and  then  recommends,  as  still  better,  the  con- 
verting the  carbonate  to  the  sulphate  of  lime  or  gypsum !  This 
last-named  manure,  moreover,  has  not  been  found  of  benefit  but  in 
few  cases  in  England.  It  is  unnecessary  to  expose,  by  further  com- 
ments, this  confounding  of  the  action  and  effects  of  three  manur- 
ing substances,  all  valuable  in  their  places,  yet  each  very  diiferent  in 
action  from  the  others. 
33* 
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31.  The  means  of  ameliorating  the  texture  of  chalky  soils,  are  either  by 
the  application  of  clayey  and  sandy  loams,  pure  clay,  or  marl." — "The 
chalk  stratum  sometimes  lies  upon  a  thick  vein  of  black  tenacious  marl, 
of  a  rich  quality,  which  ought  to  be  dug  up  and  mixed  with  the  chalk." — 
Code  of  Agriculture,  p.  19. 

32.  Dickson's  Farmer's  Companion. — The  author  recommends 
"argillaceous  marl"  for  the  improvement  of  chalky  soils;  and  for 
sandy  soils,  "where  the  calcareous  principle  is  in  sufficient  abund- 
ance, argillaceous  marl,  and  clayey  loams,"  are  recommended  as 
manures. 

33.  "  Chalky  loam.  The  best  manure  for  this  soil  is  clay,  or  argillaceous 
marl,  if  clay  cannot  be  had ;  because  this  soil  is  defectiye  principally  in 
the  argillaceous  ingredient," — Kirwan  on  Manures,  p.  80. 

The  evident  intention  and  effect  of  the  marling  recommended  in 
all  the  three  last  extracts,  is  to  diminish  the  proportion  of  calcare- 
ous earth  in  the  soil. 

34.  In  a  Traveller's  Notes  of  an  agricultural  tour  in  England, 
in  1811,  which  is  published  in  the  third  volume  of  the  Edinburgh 
Farmer^  Magazine,  the  following  passages  relate  to  Mr.  Coke's 
estate,  Holkham,  and  to  Norfolk  generally. 

"Holkham. — The  soil  here  is  naturally  very  poor,  being  a  mixture  of 
sand,  chalk,  and  flint  stones,  with  apparently  little  mixture  of  argillaceous 
earth — the  sub-soil,  chalk  or  limestone  everywhere."  p.  486.  "As  the  soil 
of  the  territory  [of  Norfolk  generally]  through  which  I  passed,  seems  to 
have  a  sufficient  mixture  of  calcareous  earth  naturally,  I  learn  they  do  not  of- 
ten lime  their  lands ;  but  clay  marl  has  been  found  to  have  the  most  bene- 
ficial consequences  on  most  of  the  Norfolk  soils."   p.  487. 

35.  "In  Norfolk,  they  seem  to  value  clay  more  than  marl,  probably  be- 
cause their  sandy  soils  already  contain  calcareous  parts." — Kirwan  on  Ma- 
nures, p.  87. 

From  this  and  the  preceding  quotation  it  would  follow,  that  the 
great  and  celebrated  improvements  in  Norfolk,  inade  by  marling, 
had  actually  operated  to  lessen  the  calcareous  proportion  of  the  soil, 
instead  of  increasing  it.  Or,  otherwise  (as  may  be  deduced  from 
what  will  follow),  if  so  scientific  and  diligent  an  inquirer  as  Kir- 
wan was  deceived  on  this  very  important  point,  it  furnishes  addi- 
tional proof  of  the  impossibility  of  drawing  correct  conclusions  on 
this  subject  from  European  books — when  it  is  left  doubtful,  whether 
the  most  extensive,  the  most  profitable,  and  the  most  celebrated 
improvements  by  "marling"  in  Europe,  have  in  fact  served  to 
make  the  soil  more  or  less  calcareous. 

If  the  "clay  marl"  oflFered  above  (4)  by  Stephens  as  a  fair 
average,  and  which  contained  only  8.40  per  cent,  of  carbonate  of 
lime,  is  indeed  as  rich  as  the  "clay  marls"  or  "clays"  spoken  of 
in  the  latter  extracts,  it  would  convert  the  doubt  to  certainty,  that 
many  soils  in  England  were  more  calcareous  than  such  marl ;  and 
that  its  application  (though  truly  a  calcareous  manure),  served  often 


CALCAREOUS  CLAYS  Or  NEW  YORK.  391 

to  lessen  rather  than  to  increase  the  previous  calcareous  constitu- 
tion of  the  soil. 

36.  In  connexion  with  this  statement  of  the  poor  "clay  marls"  of 
Britain,  it  is  worthy  of  notice  that  of  six  kinds  of  "  clay"  (not 
"clay  marls,"  but  presented  simply  as  clays),  of  New  York,  ana- 
lyzed and  reported  by  Professor  Emmons  (and  quoted  in  Browne's 
Muck  Book),  the  calcareous  proportion  in  five  was  either  nearly  as 
large,  or  larger,  than  in  the  above  slated  British  "  clay  marl."  The 
specimens  reported  by  Professor  Emmons  were  as  follows : — 

"  Tertiary  or  Albany  clay,  contains  carbonate  of  lime  per  cent.   .      8.00 

Niagara  clay     .         .         .     , X4_e2 

Cayuga  clay iq'^q 

Adonirach  clay .         .         .         .        .        .         .        .  .0.94 

Brick  (?)  clay,  near  Caldwell ',      8,92 

Reddish  clay  of  Christian  Hollow 8.29" 

Browne's  Muck  Book  (1852). 
All  but  one  of  these  New  York  "  clays"  would  be  "  clay  marls" 
in  Britain,  according  to  Stephens,  the  latest  and  a  high  British 
authority. 

Most  of  the  extracts  which  I  have  presented,  are  from  British 
agriculturists  of  high  character  and  authority.  If  such  writers  as 
these,  while  giving  long  and  (in  some  respects)  minute  statements 
of  marl  and  marling,  omit  to  tell,  or  leave  their  readers  to  doubt, 
whether  the  manure  or  the  soil  is  the  most  calcareous — or  what 
proportion  of  calcareous  earth,  or  whether  any  is  present  in 
either — then  have  I  fully  established  that  the  American  reader 
who  may  attempt  to  draw  instruction  from  such  sources,  as  to  the 
operation,  effects,  and  profits  of  either  marl  or  calcareous  manures 
in  general,  will  be  more  apt  to  be  deceived  and  misled  than 
enlightened. 

I  have  now  to  refer  to  an  author,  whose  works,  well  known  as 
they  may  be  to  others,  had  not  come  under  my  view^until  after  the 
earliest  publication  of  most  of  the  foregoing  extracts.  Otherwise, 
Marshall  would  have  been  stated  as  an  exception  to  the  general 
silence  of  British  authors  as  to  the  true  and  precise  nature  of  what 
they  treated  of  as  marl.  But  though  he  has  not  been,  like  others, 
so  faulty  as  to  leave  in  doubt  what  was  the  character  and  value  of 
the  marls  of  which  he  spoke,  and  the  nature  of  their  operation  on 
the  soils  to  which  they  were  applied,  still  no  other  writer  furnishes 
stronger  proof  of  the  general  ignorance  and  disregard  of  the  nature 
of  marls  and  calcareous  manures,  and  of  their  mode  of  operation ; 
and  even  the  author  himself  is  not  free  from  the  same  charge,  as 
will  be  shown.  I  shall  quote  the  more  at  length  from  Marshall, 
because  he  presents  the  strongest  opposition  to  what  I  have  stated 
as  to  the  general  purport  of  publications  on  marling ;  and  also, 
because  whatever  may  be  their  character,  there  is  much  to  interest 
the  reader  in  his  accounts  of  the  opinions  and  practices  of  those 
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who  have  used  calcareous  manures  longest  and  most  extensively, 
although  without  knowing  what  they  were  doing. 

In  his  "  Rural  Economy  of  Norfolk,"  the  "marls"  and  "clays^' 
most  used  in  the  celebrated  improvements  of  that  county  are  mi- 
nutely described,  and  the  chemical  composition  stated,  showing  that 
both  are  highly  calcareous.     Of  the  "marls"  or  chalks,  most  used 
for  manure  in  Norfolk,  he  analyzed  three  specimens,  and  one  of 
clay,   and  found   the   proportions  of  pure  calcareous   matter   as 
follows : — 

Chalk  marl  of  Thorp-market,  contained,  per  cent.    .         .       85 
Soft  chalk  of  Thorp-next-Norwich,  ....       98 

Hard  chalk  of  Swaffham,  almost  pure, — nearly        .  .     100 

Clay  marl  of  Hemsby    .......       43 

37-  Of  these  he  spoke  previously  and  in  general  terms,  thus : 
"The  central  and  northern  parts  of  the  district  abound,  universally,  with 
a  ■whitish-coloured  chalk  marl ;  while  the  Flag  hundreds,  and  the  eastern 
coast,  are  equally  fortunate  in  a  gray-coloured  clay  marl.  The  iirst  has, 
in  all  probability,  been  in  use  as  a  manure  many  centuries  ;  there  are  oaks 
of  considerable  size  now  going  to  decay  in  pits  which  have  obviously  been 
heretofore  in  use.  and  which,  perhaps,  still  remain  in  use,  as  marl-pits. 

"  The  use  of  clay  marl,  as  a  manure,  seems  to  be  a  much  later  discovery; 
even  yet,  there  are  farmers  who  are  blind  to  its  good  effect ;  because  it  is 
not  marl,  but  "clay;"  by  which  name  it  is  universally  known.  The  name, 
however,  would  be  a  thing  of  no  import,  were  it  not  indiscriminately  ap- 
plied to  unctuous  earths  in  general,  whether  they  contain,  or  not,  any  por- 
tion of  calcareous  matter.  Nothing  is  "  marl"  which  is  not  white ;  for, 
notwithstanding  the  county  has  been  so  long  and  so  largely  indebted  to  its 
fertilizing  quality,  her  husbandmen,  even  in  this  enlightened  age,  remain 
totally  ignorant  of  its  distinguishing  properties ;  through  which  want  of 
information  much  labour  and  expense  is  frequently  thrown  away.  One 
man,  seeing  the  good  effect  of  the  Fleg  clay,  for  instance,  concludes  that 
all  clays  are  fertile,  and  finding  a  bed  of  strong  brick  earth  upon  his  farm, 
falls  to  work,  at  a  great  expense,  to  "claying" — while  another,  observing 
this  man's  miscarriage,  concludes  that  all  clays  are  unprofitable ;  and,  in 
consequence,  is  at  an  expense,  equally  ill  applied,  of  fetching  "marl"  from 
a  great  distance;  while  he  has,  perhaps,  in  his  own  farm,  if  judiciously 
sought  after,  an  earth  of  a  quality  equally  fertilizing  with  that  he  is  throw- 
ing away  his  time  and  his  money  in  fetching. — MarshalVs  Norfolk,  vol.  i., 
p.  16. 

Yet  it  is  remarkable,  that  Marshall  should  not  have  intimated 
whether  the  Norfolk  soils  were  naturally  calcareous  (as  the  two 
writers  just  before  quoted  declare)  or  not;  and  therefore  we  are 
still  left  to  guess  whether  these  manures  served  to  increase  the 
calcareous  quality  of  soils  already  possessing  that  quality  in  a  high 
degree,  or  to  give  it  to  soils  devoid  of  it  before. 

Other  passages  will  now  be  quoted  from  the  same,  and  from 
other  similar  works  of  Marshall's,  to  show  the  prevailing  ignorance 
of  the  ingredients  and  operation  of  the  marls,  sometimes  prized 
and  sometimes  contemned,  with  as  little  reason  in  the  one  case  as 
the  other,  by  farmers  in  various  parts  of  England. 
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38.  "  The  principal  part  of  his  estate,  however,  is  of  a  much  shallower 
soil,  not  deeper  than  the  plough  goes ;  and  its  present  very  amazing  fer- 
tility he  ascribes  in  a;  great  measure  to  his  having  clayed  it.  Indeed,  to 
this  species  of  improvement  the  fertility  of  the  Fleg  Hundred  is  allowed  to 
be  principally  owing. 

"  Mr.  P.  gave  me  an  opportunity  of  examining  his  jclay  pit,  which  is  very- 
commodious ;  the_uncallow  [i.  e.  overlying  earth]  is  trifling,  and  the  depth 
of  the  bed  or  jam  he  has  not  been  able  to  ascertain.  It  is  worlied,  at  pre- 
sent, about  ten  or  twelve  feet  deep.  The  colour  of  the  fossil,  when  moist, 
is  dark  brown,  interspersed  with  specks  of  white,  and  dries  to  a  colour 
lighter  than  that  of  fuller's  earth ;  on  being  exposed  to  the  air,  it  breaks 
into  small  die-like  pieces. 

"  From  Mr.  P.'a  account  of  the  manner  of  its  acting,  and  more  particu- 
larly from  its  appearance,  I  judged  it  to  be  a  brown  marl,  rather  than  a 
clay ;  and,  on  trying  it  in  acid,  it  proves  to  be  strongly  calcareous ;  effer- 
vescing, and  hissing  more  violently  than  most  of  the  white  marls  of  this 
neighbourhood :  and  what  is  still  more  interesting,  the  Hemsby  clay  is 
equally  turbulent  in  acid  as  the  Norwich  marl,  which  is  brought  by  water 
forty  miles  into  this  country,  at  the  excessive  expense  of  four  shillings  a 
load  npon  the  staith ;  besides  the  land  carriage.  [The  strength  of  this 
Hemsby  clay  is  stated  above.] 

"  It  is  somewhat  extraordinary  that  Mr.  F.,  sensible  and  intelligent  as 
he  is,  should  be  entirely  unacquainted  with  this  quality  of  his  clay ;  a  cir- 
cumstanee,  however,  the  less  to  be  wondered  at,  as  the  Norfolk  farmers,  in 
general,  are  equally  uninformed  of  the  nature  and  properties  of  marl." — 
MarshaWs  Norfolk,  vol.  ii.,  p.  192. 

The  following  is  a  remarkable  instance,  in  a  particular  district^ 
of  a  clay  very  poor  in  calcareous  matter,  being  considered  and  used 
as  valuable  manure,  and  a  very  rich  marl  ec^ually  accessible,  being 
deemed  inferior. 

39.  "  The  marl  is  either  an  adulterate  chalk,  found  near  the  foot  of  the 
chalky  steeps  of  the  West  Downs,  lying  between  the  chalk  rock  and  the 
Maam  soil,  partaking  of  them  both — in  truth,  a  marl  of  the  first  quality — 
or  a  sort  of  blue  mud,  or  clay,  dug  out  of  the  area  of  this  district,  par- 
ticularly, I  believe,  on  the  south  side  of  the  river.  This  is  said  to  have 
been  set  on  with  good  effect,  while  the  former  is  spoken  of  as  of  less 
value ;  whereas,  the  white  is  more  than  three-fourths  of  it  calcareous ; 
while  the  blue  does  not  contain  ten  grains,  per  cent.,  of  calcareous  mat- 
ter.— Marshall's  Southern  Counties,  p.  175. 

There  have  before  been  given  some  extracts  from  this  author, 
showing  that  sundry  other  valued'  "marls"  (so  called)  were 
scarcely  at  all  calcareous.  Whatever  manuring  effects  all  these 
have,  must  be  owing  to  some  other  and  unknown  ingredient. 

The  first  extracts  from  Marshall  (just  referred  to)  suggested  & 
remark,  which  ought  to  have  been  made  earlier.  When  there  is 
so  much  general  ignorance  prevailing  among  practical  farmers  as 
to  what  they  call  marl,  it  cannot  be  expected  that  the  mostintelli- 
gent  writers  can  be  correct,  when  attempting  to  record  their  prac- 
tices. When  Arthur  Young,  for  example,  reports  the  effects  of 
marl  in  fifty  different  localities,  as  known  from  the  practice  of 
several  hundreds  of  individuals,  it  must  be  inferred  that  he  uses 
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the  term,  generally,  as  they  did  from  whom  his  information  was 
gathered,  and  in  very  few  cases,  if  at  all,  as  learned  by  his  own 
analyses.  Therefore,  it  may  well  be  doubted  whether  the  uncertainty 
as  to  the  character  of  marl  does  not  estend  very  generally  to  even 
the  most  scientific  writers  on  agriculture. 

As  some  of  the  foregoing  extracts  exhibit  the  use  of  "  marls" 
(so  called)  destitute  of  calcareous  earth,  so  the  following  shows, 
under  the  name  of  sea  sand,  a  manure  which  is  in  its  chemical 
qualities  a  rich  marl  (in  our  sense)  or  calcareous  manure. 

40.  "  Sea  sand.  This  has  been  a  mamire  of  the  district,  beyond  memory 
or  tradition.  There  are  two  species  still  in  use :  the  one  bearing  the  ordi- 
nary appearances  of  sea  sand,  as  found  at  the  mouths  of  rivers ;  namely  a 
compound  of  the  common  sand  and  mud ;  the  other  appears  to  the  eye 
clean  fragments  of  broken  shells  ■without  mixture ;  resembling,  in  colour 
and  particles,  clean-dressed  bran  of  wheat. 

"  By  analysis,  one  hundred  grains  of  the  former  contain  about  thirty 
grains  of  common  silicious  sea  sand,  with  a  few  grains  of  fine  silt  or  mud ; 
the  rest  is  calcareous  earth  mixed  with  the  animal  matter  of  marine  shells. 

"  One  hundred  grains  of  the  latter  contain  eighty-five  grains  of  the  mat- 
ter of  shells,  and  fifteen  grains  of  an  earthy  substance,  which  resembles,  in 
colour  and  particles,  minute  fragments  of  burnt  clay  or  common  red  brick. 

"These  sands  are  raised  in  different  parts  of  Plymouth  Sound,  or  in  the 
harbour ;  and  are  carried  up  the  estuaries  in  barges ;  and  from  these  on 
horseback,  perhaps  five  or  six  miles  into  the  country  ;  of  course  at  a  very 
great  expense,  yet  without  discrimination,  by  men  in  general,  as  to  their 
specific  qualities.  The  shelly  kind,  no  doubt,  brought  them  into  repute, 
and  induced  landlords  to  bind  their  tenants  to  the  use  of  them  ;  but  with- 
out specifying  the  sort — and  the  bargemen,  of  course,  bring  suoh  as  they 
can  raise  and  convey  at  the  least  labour  and  expense.  It  is  probable  that 
the  specimen  first  mentioned,  is  above  par,  as  to  quality :  I  have  seen  sand 
of  a  much  cleaner  appearance,  travelling  towards  the  fields  of  this  quarter 
of  the  country ;  and  near  Beddiford,  in  North  Devonshire,  I  collected  a 
specimen  under  the  operation  of  "melling"  with  mould,  which  contains 
eighty  grains  per  cent,  of  clean  silicious  sand!" — MarshalVs  West  of  Eng- 
land, vol.  i.,  p.  154. 

It  might  be  inferred  from  all  these  proofs  of  Marshall's  know- 
ledge of  calcareous  earth  constituting  the  real  value  of  marls  that 
he  could  scarcely  miss  the  obvious  corollary  to  that  proposition 
that  the  valuable  operation  of  calcareous  manures  is  to  render  soils 
calcareous,  and  that  the  knowledge  of  the  nature  of  the  manure 
and  the  soil  would  sufficiently  indicate  when  the  application  of  the 
one  to  the  other  is  judicious  or  not.  But  the  following  expres- 
sion of  opinion  (^MarshalVs  Yorkshire,  vol.  i.,  p.  377)  is  not  only 
strongly  opposed  to  those  deductions,  but  to  the  general  purport 
of  all  his  truths  which  I  have  before  quoted. 

41.  "Nothing  at  present  but  comparative  experiments  can  determine 
the  value  of  a  given  lime,  to  a  given  soil ;  and  no  man  can  with  common 
prudence  lime  any  land  upon  a  large  scale,  until  a  moral  certainty  of  im- 
provement has  been  established  by  experience." 

If  this  be  true,  then  indeed  is  there  no  true  or  known  theory  or 
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established  principles  or  precepts,  for  applying  either  lime  or  any- 
calcareous  manure.  It  amounts  to  saying,  that  every  new  applica- 
tion is  a  mere  experiment,  the  result  of  which  cannot  even  be  con- 
jectured from  any  facts  previously  known  of  other  soils  and  other 
manures. 

42.  The  next  quotation,  which  is  from  an  editorial  article  in  the 
Farmers'  Journal  of  July  28,  1823,  shows  that  the  old  opinion 
still  prevails,  that  marl  is  profitable  only  on  sandy  lands ;  which 
opinion  carries  with  it  the  certain  inference  that  it  is  the  argillaceous 
quality,  rather  than  the  calcareous,  that  operates.  The  editor  is  re- 
marking on  a  new  agricultural  compilation  by  a  Mr,  Elkinson,  and 
ridiculing  the  author  for  his  solemn  annunciation  of  the  truism 
(in  the  editor's  opinion),  that  "  marling  on  sand  is  more  useful  than 
on  clay  land."  The  reputation  of  Mr.  Elkinson,  says  the  editor, 
"  may  remain  undisturbed  among  the  farmers  of  Lincolnshire  for  a  long 
time,  who  may  never  have  chanced  to  meet  with  the  old  proverb,  or  have 
taken  a  journey  into  the  sandy  district  of  Norfolk.  We  really  do  not  know 
whether  it  be  as  old  as  Jarvais  Markham  or  not :  but  we  have  seen  the 
following  lines  in  black  letter : — 

He  that  marls  sand,  may  buy  land ; 

He  that  marls  moss,  shall  have  loss ; 

He  that  marls  clay,  throws  all  away!" 

The  editor  then  passes  to  a  subject  on  which  his  admitted  igno- 
rance serves  to  prove  that  the  improvement  gained  by  marling 
could  not  be  simply  the  making  a  soil  calcareous — for,  upon  that 
ground,  when  marl  has  once  been  plentifully  given,  and  the  land 
afterwards  worked  poor,  there  can  be  neither  reason  nor  profit  in  a 
second  marling.  Yet,  as  if  the  mode  of  operation  was  altogether 
unknown,  this  passage  follows  : 

"  It  was  once  asked  of  the  editor  by  a  very  good  practical  Norfolk  far- 
mer, '  whether  land  which  had  been  once  marled  and  worn  out  would  re- 
ceive the  same  benefit  from  a  second  marling  V  It  was  answered,  that  an 
experiment  made  on  one  field,  or  on  one  acre,  would  decide  the  point,  but 
conjecture  led  to  nothing  conclusive.  It  has  often  been  observed  that  loose 
land,  after  having  been  marled  and  out-cropped,  deposited  its  marl  in  the 
sub-soil,  which  therefore  became  more  retentive  [of  water];  and  it  has 
been  suggested,  that  deep  ploughing  ought  to  be  tried,  to  bring  this  marl 
again  to  the  top.  "We  hope  that  the  point  here  in  question  has  before  now 
been  settled  by  practice  in  both  ways ;  though  at  the  above  period  (about 
1806),  such  facts  had  not  reached  the  gentleman  alluded  to,  although  a 
very  intelligent  man." 

There  are  copious  descriptions  of  marl,  and  accounts  of  its  use 
and  operation  in  several  modern  French  works  which  I  have  seen 
only  since  the  first  publication  of  this  essay.*  In  all  of  these, 
marl  is  correctly  described,  as  being  composed  of  carbonate  of  limo 

*  "Cours  Complet,"  &c.,  par  I'Abbg  Eozier;  "Maison  Eustique,  &c." 
"  Essai  sur  la  Marne,"  par  M.  Puvis. 
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and  clay,  or  as  what  I  have  distinguished  as  true  marl.  Neither 
in  these  very  minute  descriptions  (nor  in  any  others  known  to  me), 
are  shells  mentioned  as  forming  either  a  universal  or  general  con- 
stituent part  of  ordinary  marls;  or  as  having  furnished  directly  and 
immediately  the  main  supply  of  the  carbonate  of  lime  of  ordinary 
and  true  marls.  It  is  true  that  shells,  or  their  fragments,  are  men- 
tioned as  being  sometimes  contained ;  but  these  may  be  presumed 
to  be  accidental  ingredients.  They  are  either  land  shells  (and 
sometimes  so  described)  swept  from  the  surface  of  the  calcareous 
lands  from  which  the  essential  materials  of  the  marl  were  brought 
in  the  floods  of  turbid  water;  or  in  other  cases,  shells  of  fresh- 
water molluscs  which  lived  in  the  ancient  lakes  under  which  the 
marl  was  deposited,  and  of  course,  the  shells  of  such  dead  animals 
would  be  enveloped  in  the  marl,  though  not  necessarily  or  properly 
belonging  to  it.  , 

Again  :  "  Shell  marl"  is  mentioned  by  sundry  authors,  but  this 
is  even  a  more  different  formation  from  true  marl  than  it  is  from 
our  fossil  shells.  Its  peculiar  character  was  stated  above  (page 
374).  This  is  the  "shell  marl"  to  which  Sir  John  Sinclair  refers 
above. 

If  any  one  can  still  suppose  that  these  European  writers,  when 
speaking  of  marl,  could  possibly  mean  to  include  such  beds  as  ours, 
or  would  so  include  them,  if  known  there,  I  have  a  sufficient  answer 
ready  in  the  fact  that  such  beds  of  fossil  shells  as  are  here  called 
marl  exist  in  Europe  and  in  great  extent — that  they  were  known 
to  and  were  described  by  authors  who  wrote  most  extensively  on 
marl — and  that  in  no  case  have  they  been  termed  or  considered  as 
marl. 

Many  and  extensive  beds  of  fossil  marine  shells  are  known  to 
exist  in  Europe,  which,  in  their  general  features,  physical  and 
chemical,  and  fitness  for  agricultural  uses,  must  be  similar  to  ours. 
Of  these  deposits,  both  in  England  and  France,  there  have  been 
applications  to  the  land,  though  to  very  limited  extent  compara- 
tively, and  the  fertilizing  value  is  recognised.  Scientific  observers, 
of  course,  know  that  these  beds  agree  with  true  marl  in  the  im- 
portant and  main  characteristic  of  being  in  part  composed  of  car- 
bonate of  lime.  Still,  in  the  only  three  agricultural  notices  of  theses 
beds  of  fossil  shells  which  I  have  seen,  and  all  are  from  scientific 
agriculturists,  this  substance  is  not  called  marl ;  and  it  is  noticed 
under  a  different  head,  and  treated  as  if  a  different  manure.  The 
practical  cultivators  who  have  applied  it,  doubtless  deemed  this 
manure  as  different  from  marl  in  substance  and  qualities  as  in 
name. 

One  of  the  notices  referred  to  has  already  been  quoted  above, 
(20,  page  383),  in  the  words  of  Arthur  Young,  concerning  the 
Suffolk  "crag,"  the  name  used  for  this  deposit  in  England.    This 
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scant  notice  is  all  that  is  taken  of  this  kind  of  fossil  manure,  in  that 
author  s  voluminous  Agricultural  Survey  of  Suffolk,  and  of  which 
a  large  portion  is  devoted  to  marl  and  marling.  It  is  manifest 
from  his  expressions,  that  neither  Young  nor  the  Suffolk  farmers 
had  any  idea  of  this  "  crag"  being  marl. 

The  other  and  more  full  accounts  are  by  French  authors.  The 
latest  is  by  M.  Puvis,  who  has  written  so  extensively  on  lime  and 
marl,  and  whose  views  of  calcareous  manures  are  worth  more  than 
those  of  any  other  European  writer,  previous  to  the  general  digest 
in  the  recent  Lectures  of  Prof.  Johnston.  Puvis'  remarks  on  this 
subject,  of  which  all  will  be  translated  and  given  below,  follow  his 
Essay  on  Marl  in  the  Annates,  but  as  one  of  several  different  though 
connected  subjects — under  the  different  divisions  and  titles  of 
"  Platras,  or  remains  of  demolished  buildings" — "  Falunage,  or 
use  of  shells  as  an  improver" — "  Gypsum" — and  "  Wood-ashesi" 
Under  the  head  oi  falunage  the  folio  wing,  remarks  occur : 

"43.   Of  Falunage,  or  the  me  of  shells,  as  an  improver  of  soil. 

"  The  name  faluns  has  been  given  to  those  beds  of  fossil  shells  which  are 
found,  -whether  on  the  borders  of  the  sea,  or  in  the  interior  of  the  land.  In 
certain  places  the  falun  is  used  under  the  name  of  shell  marl ;  *  but  it  is  only 
Hxefalun  of  Touraiue  [in  France],  of  which  the  use  in  agriculture  is  well 
known.  The  faluniere  there  forms  a  bed  of  three  leagues  in  length,  and  of 
variable  width  and  thickness.  The  falun  is  taken  out  from  many  feet  in 
depth ;  and  as  there  is  much  water,  it  is  obtained  by  the  force  of  many 
hands,  of  which  some  draw  off  the  water  while  others  get  out  the  falun.  It 
is  put  on  the  land  at  from  30  to  60  wagon  loads  to  the  hectare  [nearly  2 J 
acres]  according  to  the  nature  of  the  soil.  Its  action  appears  at  least  as 
efaoacious  as  that  of  marl ;  and  the  effects  last  long. 

"  They  use  in  England  a  much  lighter  dressing ;  not  more  than  one-half 
of  the  lightest  dressing  in  Touraine.  The  particular  qualities  and  fertilizing 
forces  may  be  different,  as  the  beds  are  composed  of  very  different  families 
of  shells ;  so  that  each  region  may  be  right  in  its  practice.  The  duration 
of  a  falunage  in  England  is  longer  than  that  of  marl ;  and  its  energy  is  re- 
newed by  a  compost  of  barn-yard  manure  and  shells,  as  in  regard  to  marl 
and  Ume.  The  soil  is  greatly  meliorated ;  still  more,  as  it  seems,  than  by 
lime  or  marl.  It  may  well  be  true  that  these  shell  beds  may  in  fact  contain 
some  albuminous  substances,  some  animal  parts,  which  add  to  the  effect 
of  the  carbonate  of  lime,  which  forms  the  principal  base  of  the  manure. 

"There  are  found  in  France  these  shelly  beds  in  many  places.  They  are 
spoken  of  in  the  enviroiis  of  Dax,  of  Grignon  (Seine-et-Oise),  of  Courtag- 
non  (in  Mame) ;  but  the  conchologists  seem  to  have  made  more  use  of  them 
than  the  agriculturists.     Doubtless,  they  are  to  be  found  in  many  other 

*  It  is  manifest  that  the  author,  in  reporting  this  provincial  and  particu- 
lar application  of  the  name  "shell  marl"  does  not  adopt  it,  or  approve  it. 
He  never  himself  uses  the  words  marl  (marne)  or  marling  {mamage)  applied 
to  this  earth;  but  always  falun  for  the  substance,  falmnage  for  the  applica- 
tion of  it  as  manure ;  and  faluniere  for  the  bed,  or  deposit  in  its  natural 
place,  or  for  the  excavations  therein,  as  understood  in  the  next  succeeding 
article.  E.  E. 
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places.  These  deposits  are  one  of  our  mineral  treasures,  from  -which  Tve 
are  far  from  deriving  proper  advantages.  For  if  using  the  falun  at  the 
rate  of  100  hectolitres  to  the  hectare,  as  in  England,  it  might  be  trans- 
ported to  a  distance,  either  by  water  or  land  carriage.  And  what  further 
recommends  its  use,  at  least  as  much,  the  falan  is  not  accused  of  having 
impoverished  the  soil.  On  the  contrary  it  is  found  everywhere  improved."* 
— ArmaUs  d' Agriculture  Frangaise,  1835. ' 

The  next  passages  are  translated  extracts  of  the  article  "  Falun" 
in  the  "  Cours  Oomplet,"  &c,,  which  is  a  joint  contribution  by 
Rozier  and  Cadet-de-Vaux. 

44.  "  This  name  is  given  to  a  great  body  of  marine  remains  which 
exist  in  Touraine,  over  an  extent  of  about  three  leagues  in  length,  and  of 
less  breadth.  Neither  the  exact  limits  nor  the  depth  of  this  bed  is  known. 
The  excavations  have  not  been  sunk  lower  than  20  feet,  because  of  the 
water  which  oozes  from  all  sides  into  these  falunieres.  What  a  deposit ! 
What  immense  quantity  of  shells !  We  may  also  add,  what  a  treasure !  For 
these  spoils  of  the  ocean  are  an  excellent  improver  of  soil.  ' 

We  will  then  merely  consider  the  falun  as  an  improver. 

After  being  extracted  from  the  pit,  suffered  to  drain  and  become  dry,  it  is 
spread  on  the  fields  the  same  as  marl ;  and  the  proportion  varies  according 
to  the  quality  of  the  lauds  on  which  it  is  spread — ^in  the  same  manner  as 
of  marl. 

"  Here  is  the  difference  which  exists  between  these  two  improvers :  Marl 
is  a  calcareous  earth,  of  the  same  nature  as  the  falun,  but  it  is  mixed  with 
sand  and  argil ;  so  that  the  first  thing  to  do  when  one  marls  a  field  is  to 
know  well  the  [degree  of  purity  of  the]  marl.  This  knowledge  is  easy  to 
acquire  by  the  most  simple  analysis. 

.  .  .  .  The  falun  is  pure  calcareous  earth ;  but  which  contains  more 
or  less  of  the  principles  which  were  united  to  the  calcareous  earth  in  the 
formation  of  the  shells.  Unless  constantly  soaked  in  water,  it  may  not 
have  lost  these  principles.     Then  the  falun  can  no  longer  be  considered  as 

a  pure  calcareous  earth,  and  destined  to  act  only  mechanically 

We  will  observe  that  the  falun  has,  in  common  with  marl,  no  influence  on 
the  fertility  of  the  field  which  receives  it  until  the  second  year ;  and  the 
effects  of  both  these  earths  become  enfeebled  at  length  ;  when  it  is  neces- 
sary to  apply  them  again." 

I  have  omitted  of  the  last  article  as  much  as  could  be  separated 
of  the  superfluous,  useless,  and  mistaken  statements — and  there  is 
not  much  else.  But  all  is  left  that  refers  to  what  I  designed  to 
show,  i.  e.,  that  the  authors  had  no  thought  that  the  falun  was 
marl. 

This  last  description  of  the  falun  of  Touraine  goes  to  show  that 
the  mass  was  of  shells  or  their  fragments  alone,  or  without  the 
1 ^ 

*  This  ground  of  superior  value  assumed  for  the  falun,  I  take  as  indirect 
evidence,  in  addition  to  the  author's  direct  assertion,  that  this  kind  of 
manure  has  been  but  little  used,  or  that  little  is  known  of  the  effects.  The 
use  of  calcareous  manures  in  Europe  has  been  almost  entirely  empirical, 
and  not  directed  by  any  theory,  or  rational  rules.  Hence  damage  has  often 
been  done  by  improper  applications  of  both  lime  and  marl ;  and  if  the  falun 
has  been  harmless,  rich  and  abundant  as  it  is,  and  easy  to  apply,  it  "must 
be  because  of  its  very  limited  use.     E.  R. 
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usual  admixture  of  sand  or  clay.  I  have  worked  a  particular  layer 
nearly  as  pure,  and  which  had  the  same  disadvantage  of  water 
pouring  in  through  the  very  open  texture  of  the  broken  shells. 
There  is  an  extensive  bed  of  as  pure  and  unmixed  fossil  shells,  near 
to  the  surface  of  the  earth,  and  there  quite  dry,  near  the  nwthern 
limit  of  sea-coast  of  South  Carolina.* 

45  The  next  evidence  is  from  a  report  of  the  Rev.  John 
Clayton,  Rector  of  Crofton,  in  Yorkshire,  to  the  Royal  Society  of 
England  in  1688.  The  writer  visited  Virginia,  and  this  was  the 
report  ot  his  personal  and  somewhat  scientific  examinations  It 
was  repubhshed  in  the  4th  vol.  of  Farmers'  Register.  The  writer 
saw,  with  astonishment,  and  describes  the  beds  of  fossil  shells  in 
the  river  cliffs— and  though  with  much  looseness  and  inaccuracy, 
stiU  there  is  no  doubt  that  he  included  in  his  observations  not  only 
the  actual  beds  of  loose  oyster  shells,  but  the  petrified  oyster  shells  in 
other  places,  and  also  the  beds  of  other  and  various  fossil  sea  shells, 
which  since  have  obtained  in  Virginia  the  provincial  term  of  marl. 
For  though  he  calls  all  of  them  "  oyster  shells,"  it  is  manifest  that 
he  also^referred  to  the  sea  shells,  as  he  particularly  describes  the 
"  shark's  teeth"  and  large  vertebrae  which  are  so  common  in  these 
beds,  and  never  known  in  the  deposits  of  oyster  shells  alone.  Now 
this  gentleman,  from  his  residence,  and  his  information,  could  not 
possibly  have  been  ignorant  of  marl  in  England.  Yet  in  all  his 
remarks  and  speculations  (some  very  wild),  on  these  beds  in  Vir- 
ginia, he  does  not  call  them  marl,  or  refer  to  any  similarity  of  these 
beds  to  marl — nor  even  suppose  any  use  for  ours,  other  than  that 
before  known,  of  burning  the  shells  to  make  lime  for  cement.  (See 
Farmers'  Register,  vol.  iv.,  pp.  642-3.) 

From  all  the  foregoing  quotations  and  evidences,  I  claim  that 
the  propositions  enumerated  in  the  beginning  of  this  article,  have 
been  sustained  fully;  and  that  the  following  deductions  must  neces- 
sarily be  made : — 

1.  For  centuries  after  marling  had  been  recommended  by  Eng- 
lish books  on  agriculture,  and  extensively  practised  by  very  many 
farmers  of  England,  it  was  not  generally,  if  at  all,  understood  by 
either  writers  or  farmers  that  calcareous  earth  was  the  all-important 
or  even  an  essential  ingredient  of  marl,  as  a  manuring  agent;  and 
many  clays  used  for  and  as  marl,  certainly  contained  no  carbonate 
of  lime. 

2.  Though  more  lately,  English  writers  have  taught  correctly 
that  marl  is  calcareous,  and  also  (generally)  that  the  value  of  the 
manure  depends  mainly  on  the  lime  contained,  still  the  previous 

*  Described  in  the  supplement  to  my  Report  of  the  Agricultural  Survey 
of  South  Carolina.  The  deposit  is  on  and  near  Price's  creek,  in  Horry — and 
is  of  the  post-pliocene  division.     E.  R. 
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ignorance  continued  to  prevail  among  the  more  illiterate  farmers; 
and  even  some  writers  of  reputation,  to  recent  times,  have  shown 
in  their  expressions  the  influence  remaining  of  the  previous  and 
universal  ignorance  on  this  subject.  Long  after  these  more  correct 
views  of  the  constitution  and  true  source  of  value  of  marl  had  been 
published  by  the  then  most  enlightened  writers,  their  readers  did 
not  learn  from  them  enough  of  their  truth  to  dispel  the  previously 
long  existing  and  prevailing  erroneous  views.  Hence  the  "  soapy 
feel,"  and  clayey  constitution,  and  the  crumbling  in  water,  still 
continued  to  be  regarded  by  all  as  essential  qualities  and  important 
values  of  any  manure  operating  as  marl ;  and  comparatively  little 
importance  was  attached  to  the  calcareous  ingredient — even  when 
that  was  not  entirely  disregarded  or  unknown. 

Hence  Bordley,  an  extensive  reader  of  the  best  and  newest 
English  agricultural  books,  himself  an  agricultural  author,  and 
moreover  a  practical  and  wealthy  farmer,  on  the  "marl  region" 
(now  so  known)  of  Maryland,  did  not  learn  from  his  English 
teachers  and  guides  that  marl  was  necessarily  calcareous;  and  never 
suspected  that  the  beds  of  fossil  shells,  so  abundant  in  his  own 
neighbourhood  (if  not  on  his  own  farm),  either  were  marl,  or  had 
any  value  as  manure.  We  may  also  infer  that  our  great  Virginian 
agriculturist,  John  Taylor  of  Caroline,  a  much  later  writer  than 
Bordley,  and  also  well  acquainted  with  English  agricultural  authors, 
had  learned  nothing  more  either  of  true  marl,  or  of  our  beds  of 
fossil  shells  being  (as  indicated  by  the  vulgar  name),  identical  with 
marl.  Further :  Pnilip  Tabb,  of  Toddsbury,  in  Gloucester  county, 
was  one  of  the  earliest  good  farmers  of  Virginia,  and  deservedly 
the  most  celebrated  in  his  time  for  his  judicious  management,  and 
for  his  success  in  improving  his  farm  and  its  productions.  Yet 
from  all  his  lights,  and  doubtless  his  general  knowledge  of  English 
marling,  he  never  suspected  to  be  marl,  and  never  thought  of  using 
as  such,  or  for  manure,  the  bed  of  what  is  now  called  marl,  which 
underlies  the  whole  farm,  and  is  generally  accessible  within  4  or  5 
feet  of  the  surface.  It  has  been  only  in  latter  days,  that  this  most 
abundant  and  easily  accessible  bed  has  been  opened,  and  used 
largely  and  advantageously  as  manure  for  this  farm. 

3.  And  further :  No  person,  deriving  his  information  solely  from 
the  descriptions  of  marl  by  English  writers,  and  their  remarks  on 
the  subject,  and  searching  for  marl  by  aid  of  their  directions,  would 
have  supposed  he  had  found  the  object  of  his  search  in  the  marine 
fossil  shell  formation  of  this  region — so  entirely  diflferent  as  is  this 
from  all  the  marls  (true  or  false)  described  by  those  writers,  in 
outward  appearance,  texture,  and  other  physical  qualities  always; 
and  in  some  cases  there  is  no  less  difl^erence  in  the  more  important 
chemical  constitution,  in  regard  to  calcareous  earth  being  an  in- 
gredient or  not. 
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Marl  arid  Marling  of  the  Ancients. 

I  will  add  to  these  extracts,  though  merely  as  a  matter  of  curi- 
osity, the  most  ancient  notices  of  marl  extant,  translated  from  the 
works  of  Varro  and  Pliny,  respectively  nearly  1900  and  1800 
years  old.  Their  great  antiquity  would  alone  serve  to  invest  these 
statements  with  much  interest.  And  it  is  also  interesting  and 
amusing  to  observe  that  nearly  as  much  was  known  of  the  proper- 
ties of  marl  by  the  then  barbarous  Britons,  more  than  1800  years 
ago,  as  by  their  enlightened  descendants  1700  years  later.  For  if, 
in  the  report  by  Pliny,  the  proper  names  were  omitted,  and  the 
piece  appeared  without  date  or  authority,  it  might  well  be  supposed 
to  be  from  some  one  of  the  English  publications  on  marl  which 
appeared  after  the  middle  of  the  last  century.  Pliny,  and  the 
Graulish  and  British  farmers  from  whom  his  statements  were  indirect- 
ly derived,  were  as  ignorant  of  the  true  character  and  action  of  marl, 
as  were  the  farmers,  and  also  most  of  the  best  agricultural  writers, 
as  late  as  1780 — ^but  not  more  ignorant.  Like  these  much  later 
writers,  Pliny  seems  not  to  have  known,  or,  if  knowing,  not  to  have 
attached  any  importance  to  the  calcareous  quality  of  marl;  nor 
was  he,  more  than  they,  at  all  precise  in  'distinguishing  between 
marl  and  non-calcareous  clay.  Still  it  may  be  inferred,  from  the 
context,  and  from  indirect  testimony  rather  than  the  direct  state- 
ments of  the  author,  that  either  true  marl  or  chalk  was  always  re- 
ferred to ;  and  of  course  that  it  was  truly  calcareous  manure  of 
which  he  spoke.  The  manure  referred  to  as  being  used  by  the 
Edui  and  Pictones,  calx,  is  named  with  sufficient  exactness ;  and 
if  not  lime,  as  rendered  in  the  translation,  it  must  have  been  car- 
bonate of  lime  in  some  form,  as  calx  properly  means.  But  by 
using  the  word  calx  in  this  case,  and  creta  when  chalk  obviously 
was  meant,  it  seems  likely  that  the  former  was  designed  for  cal- 
cined lime. 

Translated  from  "  De  Re  Rustica.''     Var.  Lib.  I.  Cap.  7. 

"  In  Transalpine  Gaul  as  far  as  the  Ehine,  when  I  commanded  the  army, 
I  went  into  some  regions,  where  neither  the  vine,  the  olive,  nor  apples 
grew,  and  where  they  manured  their  fields  with  a  white  chalk  dug  out  of 
the  earth  [Candida  fossicia  creta]. 

Translated  from  Plin.  Nat.  Bist.  Lib.  XVII.,  Cap.  5,  6,  7,  8. 

"  To  improve  land  (as  some  conceive)  by  the  application  of  rich  earth  to 
poor,  or  of  porous  and  sandy  to  moist  and  very  fertile,  is  the  work  of  folly. 
What  can  he  hope  who  pursues  such  practice  ? 

"  There  is  another  method,  which  was  discovered  in  Britain  and  Gaul, 
of  fertilizing  land  with  a  kind  of  earth  which  they  call  marl  [marga']. 
Greater  fertility  is  perceived.  There  is  a  peculiar  fatness  [adeps]  of  this 
earth  which  like  the  glandules  in  bodies  serves  as  a  nucleus  for  increased 

"  The' Greeks  also  have  not  neglected  this  plan ;  for  what  have  they  failed 
34* 
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to  try  ?  A  white  clay  Icandida  argilla]  which  they  use  in  Megaris,  but 
only  on  moist  and  cold  soils,  they  call  Leucargillon. 

"  It  is  proper  to  describe  with  care  that  used  to  enrich  the  soils  of  Gaul 
and  Britain.  At  first  there  were  two  kinds,  but  of  late  several  others  have 
begun  to  be  used  as  their  information  increased.  There  is  the  white,  red, 
dove- coloured,  argillaceous,  porous  [tophacea],  and  sandy.  Its  character 
is  two-fold,  rough  or  unctuous  laspera  aut  pinguia].  Specimens  of  both  are 
at  hand.  Its  effect  is  liliewise  two-fold,  either  to  bring  grain  alone,  or  also 
to  nourish  grass.  The  white  porous  [tophacea  alba]  marl  nourishes  grain, 
and  if  found  among  springs  is  immensely  rich.  It  is  rough  to  the  touch, 
and  if  applied  in  too  large  quantities  it  burns  the  land.  The  next  is  the  red 
marl,  which  they  call  capnumargos,  from  the  stone  being  intermixed  with  fine 
sandy  earth.  The  stone  is  crushed  in  the  field  itself,  and  for  a  few  years 
the  stalks  (of  grain)  are  cut  with  difficulty  on  account  of  the  pieces  of  stone. 
Yet  in  consequence  of  its  lightness  it  is  applied  at  very  little  expense,  less 
than  one-half  the  cost  of  the  others.  It  is  spread  thin,  and  is  thought  to  be 
mixed  with  salt  Each  kind  once  applied  will  last  for  fifty  years,  increasing 
the  product  both  of  grain  and  grass. 

"  The  white  is  the  main  variety  of  those  which  are  known  to  be  unctuous 
\_pingues\.  Of  this  there  are  several  kinds.  The  most  caustic  [mordaces- 
simurn]  is  that  of  which  we  have  spoken  above.  Another  is  a  kind  of  white 
chalk  l_alba  a-eta]  used  to  scour  silver.  It  is  brought  up  out  of  the  earth, 
shafts  being  sunk  often  a  hundred  feet  deep,  narrow  at  the  mouth,  but  en- 
larging within  as  in  mines.  This  kind  is  principally  used  in  Britain,  and 
lasts  eighty  years.  Nor  is  there  an  Instance  of  any  one  "who  has  twice 
applied  it  to  the  same  land  during  his  life.  A  third  kind  of  white  they 
call  glischromargon.  It  is  a  fuller's  chalk  (eretafullonia)  mixed  with  unc- 
tuous \_pingm\  earth,  better  for  grass  than  grain,  so  that  one  crop  being 
taken  off,  before  the  next  sowing,  the  richest  grass  can  again  be  cut. 
When  it  is  in  grain,  it  brings  no  grass  in  addition.  It  lasts  thirty  years, 
but  when  too  thick  it  stifles  the  land  like  siguinum  [old  cement  of  terras, 
gypsum,  &c.].  The  dove-coloured  the  Gauls  call  by  their  name  of  Egleco- 
pala.  It  is  gotten  out  in  clods  like  stones,  but  by  exposure  to  sun  and  frost 
it  separates  into  very  thin  laminae.  This  is  equally  rich.  The  sandy  is 
used  in  default  of  other  kinds ;  in  wet,  oozy  [uliginosis]  places,  however,  it 
is  used  even  when  others  can  be  had.  The  Ubii  are  the  only  people  we 
know,  who  when  they  cultivate  very  rich  land,  manure  it  by  digging  up  the 
earth  more  than  three  feet  deep  and  spreading  it  on  to  a  foot's  thickness 
[quaoungue  terra  infra  ires  pedes  effossa,  et  pedali  crassitudine  inj'ecta  Icsiifi- 
cent] .     But  it  does  good  for  not  more  than  ten  years. 

"  The  Edui  and  Piotones*  made  their  fields  very  rich  with  lime  [caix] 
which  likewise  is  found  of  the  gi'eatest  benefit  to  both  olives  and  vines. 
All  marl  [rnargd]  must  be  put  on  ploughed  land ;  so  that  its  fertilizing  pro- 
perties may  be  quickly  absorbed;  and  that  which  at  first  is  too  harsh 
[aspera]  and  does  not  at  once  produce  an  abundance  of  herbage  [jmo  in 
herbas  non  effunditur'],  requires  a  small  amount  of  dung,  or  else  by  its  fresh- 
ness [novitate']  it  injures  the  soil,  and  is  not  fertilizing  till  after  the  first 
year.  It  is  also  important  to  note  the  kind  of  soil  on  which  it  is  to  be  put, 
A  dry  marl,  whether  the  chalk  [creto]  or  the  dove-coloured  \columbina,'\  is 
best  adapted  to  a  moist  soil,  and  an  unctuous  marl  {pinguis)  to  an  arid  soil, 
the  one  quality  serving  to  temper  the  other." 

*  The  Edui  and  Pictones  were  the  ancient  Gaulish  inhabitants  of  the 
modem  Autuu  and  Poictiers,  respectively,  of  France. — London  Quarterly 
Review. 


NOTE  III. 

THE   EABLIEST  KNOWN  SUCCESSFUL  APPLICATIONS  OP  FOSSIL 
SHELLS  AS  MANURE. 

The  two  old  experiments  described  at  pp.  114-15,  though  the  only 
applications  of  fossil  shells  known  to  me  previous  to  the  commence- 
ment of  my  use  of  this  manure,  were  not  all  that  had  been  made, 
and,  which  being  deemed  failures,  had  been  abandoned  and  forgot- 
ten. Another,  within  a  few  miles  of  my  residence,  was  brought  to 
light  and  notice  afterwards,  by  an  old  negro,  who  was  perhaps  the 
only  person  then  living  who  had  any  kno-frledge  of  the  facts.  After 
I  had  found  enough  success  in  using  this  manure  to  attract  to  it 
some  attention,  Mr.  Thomas  Cocke  of  Aberdeen,  was  one  of  those 
who  began,  but  still  with  doubt  and  hesitation,  to  use  marl  to  some 
considerable  extent.  One  of  his  early  applications  was  to  his  gar- 
den. The  old  gardener  opposed  this,  and  told  his  master  that  he 
knew  "the  stuff  was  good  for  nothing,  because,  when  he  was  a  boy, 
his  old  master  (Mr.  Cocke's  father)  had  used  some  at  Bonacoord, 
and  it  had  never  done  the  least  good."  Being  asked  whether  he 
could  show  the  spot  where  this  trial  had  been  made,  he  answered 
that  he  could  easily,  as  he  drove  the  cart  which  carried  out  the 
marl.  The  place  was  immediately  sought.  It  was  on  the  most 
elevated  part  of  a  very  poor  field,  which  had  been  cleared  and  ex- 
hausted fully  a  century  |)efore.  The  marled  space  (a  square  of 
about  half  an  acre),  though  still  poor,  was  at  least  twice  as  produc- 
tive as  the  surrounding  land,  though  a  slight  manuring  from  the 
farm-yard  had  been  applied  a  few  years  before  to  the  surrounding 
land,  and  omitted  on  this  spot,  which  was  supposed,  from  its 
appearance,  to  have  been  the  site  of  some  former  dwelling-house 
and  yard,  of  which  every  trace  had  disappeared  except  the  perma- 
nent improvement  of  the  soil  usual  from  that  cause.  A  close 
examination  showed  some  fragments  of  the  hardest  shells  remaining, 
so  as  to  prove  that  the  old  man  had  not  mistaken  the  spot.  This, 
like  other  early  applications,  had  been  made  on  ground  too  poor  for 
the  marl  to  show  but  very  slight  early  effect ;  and  as  only  one  kind 
of  operation  of  any  manure  was  then  thought  of  (that  which  dung 
produces),  it  is  not  strange  that  both  the  master  and  servant  should 
have  agreed  in  the  opinion  that  the  application  was  useless,  add 
that  all  persons  who  knew  of  the  application  remained  under  that 
opinion  until  almost  all  remembrance  of  the  experiment  had  been  lost. 

Since  the  printing  of  the  previous  pages  in  which  references  were 
made  to  the  earliest  application  of  marl  in  Virginia,  I  have  obtained 
some  further  information  thereupon,  which,  however  imperfect, 
may  yet  be  interesting.  In  a  recent  conversation  (1842)  with 
William  Short,  Esq.,  now  of  Philadelphia,  the  son  of  Major  Wil- 
liam Short  who  made  the  experiment,  he  told  me  that  he  well  re- 
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collected  when  his  father's  first  and  accidental  discovery  of  marl 
was  made  on  the  Spring  Garden  farm  in  Surry  (in  digging  a  ditch 
across  a  wet  swamp),  and  his  sanguine  and  confident  anticipations 
of  deriving  from  its  use  great  improvement  and  profit.  Mr.  Short 
further  stated  that  he  was  then  so  young,  and  always  so  little 
acquainted  with  agriculture,  that  he  did  not  know  what  were  the 
precise  facts  in  regard  to  the  failure  of  his  father's  experiment  and 
hopes ;  but  he  well  remembers  that  the  result  was  deeijied  an  entire 
foilure,  and  that  it  caused  total  disappointment. 

Such  a  conclusion  I  ha4  supposed  before  being  so  informed.  I 
had  also  inferred,  and  no  doubt  correctly,  that  the  supposed  failure 
and  truly  slight  benefit,  and  the  mistaken  deductions  from  the 
results,  were  such  as  have  been  stated.  "I  have  since  written  to 
the  present  proprietor  of  the  land,  Francis  Euffin,  Esq.,  to  obtain 
the  latest  information  concerning  the  results  of  this  application, 
now  some  sixty-five  years  old;  and  the  most  recent  effects,  as 
learned  from  him,  will  be  here  stated  in  connexion  with  the  earlier, 
which  will  be  repeated. 

It  was  before  said  (page  114)  that  this  old  marling  (of  about  10 
acres)  was  done  on  poor  sandy  land,  kept  (as  was  the  then  univer- 
sal course  of  tillage)  under  exhausting  culture  and  close  grazing 
for  many  years  thereafter ;  that  from  1812  the  treatment  had  been 
lenient  j  and  that  in  1819,  the  superiority  of  the  marled  part  was 
visible,  and  that  part  of  the  outline  could  be  then  distinctly  traced. 
In  1834,  Mr.  E.  Kuffin  applied  to  this  and  some  acres  of  adjoining 
land,  pine  leaves  at  the  rate  of  75  one-horse  cart-loads  to  the  acre. 
The  benefit  from  this  vegetable  cover  was  so  much  greater  on  the 
marled  part,  that  the  superior  growth  of  the  next  crop  of  corn  and 
of  the  succeeding  crop  of  wheat,  "  marked  out  the  limits  of  the  old 
marling  very  conspicuously."  The  whole  was  sown  in  clover  in 
the  spring  while  under  wheat;  that  on  the  marled  part  lived  and 
stood  pretty  well,  while  nearly  every  plant  of  clover  on  the  part, 
not  marled  died  in  the  course  of  the  year.  In  1837,  the  whole 
field  was  marled,  without  excepting  the  old  marled  part;  and  the 
whole  was  again  littered  with  pine  leaves.  The  crops  of  corn  and 
wheat  since  have  shown  less  improvement  from  these  applications 
on  the  piece  thus  re-marled,  than  on  the  adjoining  land  then  marled 
for  the  first  time.  Indeed,  the  recent  and  additional  increase  of 
corn  and  wheat,  since  re-marling,  has  been  very  little.  These  re- 
sults, early  and  late,  are  precisely  such  as  might  have  been  antici- 
pated from  the  action  of  calcareous  manures,  and  the  condition  of 
this  land  and  its  management. 

Another  experiment  of  marling,  made  earlier  than  my  first,  by 
Mr.  Richard  Hill,  in  King  William  county,  has  been  heard  of 
since  the  publication  of  the  last  edition,  and  of  which  the  circum- 
stances were  given  at  length  at  pages  22  and  27  of  vol.  ix.  Far- 
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mers'  Register,  to  which  the  reader  is  referred.  It  is  enough  here 
to  state,  that  the  effects  were  beneficial  at  first;  but  so  injurious 
(because  of  the  excessive  quantity)  on  several  succeeding  crops, 
that  this  trial  also  was  deemed  a  failure,  and  the  marling  a  source 
of  loss ;  and  there  was  no  repetition  of  marling  in  that  neighbour- 
hood until  about  1820,  when  other  and  better  views  began  there  to 
be  first  entertained. 

There  was  also  successful  and  continued  use  of  this  manure  in 
James  City  county,  in  Virginia,  made  earlier  than  mine ;  and  still 
earlier  by  Mr.  John  Singleton,  in  Talbot  county,  Maryland. 
It  appears  that  the  early  (though  chance-directed)  combination  of 
putrescent  manures  with  marl,  in  both  these  places,  served  to  prove 
the  value  of  the  latter,  and  perhaps  to  prevent  it  being  there  also 
abandoned  as  worthless,  as  in  the  other  cases.  But  though  the 
application  was  continued,  and  with  great  success  and  profit,  the 
knowledge  of  these  facts  and  the  example  extended  very  slowly ; 
and  the  then  want  of  communication  among  farmers  kept  all  igno- 
rant of  these  practices  for  years,  except  in  the  immediate  vicinity 
of  the  commencement  of  each.  I  have  since  endeavoured  to  ascer- 
tain the  time  of  the  first  applications  in  James  City,  and  have  been 
informed  that  it  was  in  1816.'  Mr.  Singleton's,  in  Maryland,  were 
begun  as  early  as  1805.  His  own  account  of  his  practice  (which 
will  be  annexed,  as  an  interesting  statement  of  the  earliest  profitable 
use  of  this  manure),  was  first  published  in  1818,  in  the  ith  volume 
of  the  Memoirs  of  the  Philadelphia  Agricultural  Society  (page  238). 
The  date  of  his  letter  is  Dec.  31,  1817.  My  first  experiment  was 
made  the  following  month  (Jan.  1818),  but  more  than  a  year  before 
I  met  with  Mr.  Singleton's  publication,  or  had  heard  of  any  appli- 
cation of  fossil  sheila,  except  the  two  failures  mentioned  in-page  115. 
But,  however  beneficial  may  have  been  found  the  operation  of  maxl 
in  Talbot  and  in  James  City,  it  is  evident,  from  Mr.  Singleton's 
letter,  and  from  all  other  sources  of  information,  that  the  mode  of 
operation  remained  altogether  unsuspected  by  those  who  used  it; 
and  this  was  perhaps  the  principal  cause  why  the  practice  was  so 
slow  in  spreading.  It  is  now  [1835]  thirty  years  since  the  first 
proofs  were  exhibited  on  the  land  of  Mr.  Singleton ;  yet,  according 
to  the  report  of  the  geological  survey  of  the  lower  part  of  Maryland 
(submitted  to  the  legislature  of  Maryland  at  its  recent  session  of 
1834-5),  it  appears,  though  the  value  of  marl  is  well  understood, 
and  much  use  of  it  made  in  Talbot  county,  and  part  of  Queen  Ann's 
county,  yet  that  almost  no  use  has  been  made  of  it  on  the  other  and 
much  more  extensive  parts  of  the  Eastern  Shore  of  Maryland— and 
none  whatever  west  of  the  Chesapeake  in  that  state,  where  it  is 
found  in  abundance.  Such  at  least  are  the  inferences  from  Dr. 
Ducatel's  report,  though  in  part  drawn  from  indirect  testimony^ 
more  than  direct  and  particular  assertions. 


406  MR.  singleton's  marling. 

The  slight,  and  almost  contemptuous  manner,  in  which  marl  is 
mentioned  by  so  well  informed  an  agriculturist  as  Taylor,  as  late 
as  1814,  when  his  Arator  was  published  (and  which  remained  un- 
altered in  his  3d  edition  of  1817),  proves  that  almost  nothing  was 
then  known  of  the  value  of  this  manure.  All  that  seems  to  relate 
to  our  abundant  deposits  of  fossil  shells,  or  to  marl  generally,  is 
contained  in  the  two  following  passages : — 

"  Without  new  accessions  of  vegetable  matter,  successive  heavy  dress- 
ings with  lime,  gypsum,  and  even  marl,  have  been  frequently  found  to 
terminate  in  impoverishment.  Hence  it  is  inferred,  that  minerals  operate 
as  an  excitement  only  to  the  manure  furnished  by  the  atmosphere.  From 
this  fact  results  the  impossibility  of  renovating  an  exhausted  soil,  by  re- 
sorting to  fossils,  which  will  expel  the  poor  remnant  of  life ;  and  indeed 
it  is  hardly  probable  that  divine  wisdom  has  lodged  in  the  hoioels  of  the 
earth  the  manure  necessary  for  its  surface." — Arator,  p.  52,  2d  edition,  Balti- 
more. 

"  Of  lime  and  marl  we  have  an  abundance,  but  experience  does  not  enti- 
tle me  to  say  anything  of  either." — Id.  p.  80. 

From  John  Singleton  to  the  Hon.  Wm.  Tilghman. 
********* 

"  Your  first  question  is,  '  whether  what  I  use  be  marl,  or  soil  mixed  with 
sheUs  ?' 

"Whether  it  be  marl  or  not,  I  will  not  pretend  to  determine,  as  I  have 
seen  no  description  of  marl  that  answers  exactly  to  it ;  but  Iklr.  Tench 
Tilghman  informed  me  he  had  seen  a  description  of  marl  used  in  Scotland, 
exactly  similar  to  what  I  use  on  the  farm  on  which  I  reside,  and  which  is 
the  improved  land  you  mention.  I  have  not  seen  the  account  myself. 
However,  this,  and  all  mixtures  of  broken  marine  shells,  of  which  there  is 
a  great  variety,  are  now  denominated  marl,  here.  What  I  consider  the 
best,  and  which  I  most  use,  is  composed  of  small  parts  of  marine  shells, 
chiefly  scallop  shell,  about  one-eighth  of  an  inch  square,  or  somewhat 
longer  or  smaller,  with  scarce  any  sand  or  soil  with  it :  some  of  it  seems  to 
be  petrified,  and  is  dug  up  in  lumps,  like  stone,  from  four  or  five,  to  forty 
or  fifty  pounds  in  weight,  hard  to  break  even  with  the  eye  of  an  axe,  and 
will  remain  for  years,  tumbled  about  with  the  plough,  before  it  is  entirely 
broken  to  pieces,  and  mixed  with  the  soil ;  indeed  you  may  observe  it  in 
some  parts  of  the  bank,  where  the  soil  has  been  washed  from  it,  appearing 
like  rock  stone ;  but  if  broken  and  pulverized  a  little,  it  effervesces  very 
much  with  acids.  *  *  *  *  *  * 

"  I  have  applied  it  to  all  the  soils  on  my  farm,  some  of  which  is  a  cold 
white  clay,  and  wet ;  others  a  light  loam,  and  sandy.  I  find  it  useful  to 
each  kind,  and  manure  my  land  all  over  with  it,  without  distinction,  and  to 
advantage ;  putting  a  smaller  quantity  upon  the  looser  soils.  I  have  applied 
it  as  a  top  dressing  on  clover,  and  also  where  clover  has  not  been  sown, 
with  a  view  to  improving  the  grass,  and  also  to  be  satisfied  whether  it 
would  not  be  best  for  the  ground,  to  let  it  lie  spread  on  the  surface,  for  a- 
year  before  the  ground  was  put  into  cultivation.  But  it  has  not  answered 
my  expectation.  I  could  not  perceive  any  advantage  from  that  mode  of 
application.  I  now  constantly  apply  it  to  the  ground  cultivated  in  com ; 
carting  it  out  in  the  winter  and  spring,  and  putting  on  from  twenty  to  forty 
cart-loads  per  acre,  according  to  the  ground,  and  the  previous  quantity 
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that  had  been  put  on,  in  former  cultivations,  dividing  each  load  into  from 
four  to  eight  small  heaps,  for  the  greater  ease  in  spreading,  according  to 
the  size  of  the  load.  Some  is  put  on  before,  and  some  after  the  ground  is 
broken  up,  but  it  is  all  worked  into  the  soil  by  the  cultivation  of  the  corn, 
and  it  never  fails  of  considerably  improving  the  crop  of  corn,  as  also  the 
ground  wherever  the  marl  is,  especially  in  largest  quantity.  There  is  a 
small  green  moss,  and  black  moist  appearance,  on  the  surface  of  the  ground, 
when  not  cultivated ;  as  you  perceive  about  old  walls,  and  in  strong  ground. 
Though  the  preceding  is  the  common  mode  in  which  I  use  the  marl,  I  do 
not  think  it  the  best ;  I  mix  some  in  my  farm-yard,  with  the  farm-yard  and 
stable  manure ;  and  would  prefer  mixing  and  applying  all  that  I  use  thus 
mixed,  but  for  the  labour  of  double  cartage  which  I  cannot  as  yet  accom- 
plish, manuring  so  largely  as  I  do.  I  cultivate  one  hundred  acres  yearly, 
and  constantly/manure  the  whole  of  what  I  cultivate ;  employing  only  four 
carts,  and  four  hands  with  the  carts,  which  do  all  the  manuring  and  cart- 
ing on  the  farm. 

"  Your  next  question  is,  '  what  has  been  my  rotation  of  crops,  and  mode 
of  cultivating,  since  I  have  used  this  manure  V 

"  Since  I  began  to  use  the  marl,  and  bend  my  attention  to  improvement 
by  manure,  I  have  cultivated  only  corn  and  wheat,  sowing  my  ground  in 
clover,  and  using  the  plaster.  Instead  of  cultivating  all  my  ground  in  com, 
and  sowing  wheat  on  it  as  heretofore,  I  divided  my  cultivation  into  two 
parts,  of  fifty  acres  each,  putting  one  part  into  corn,  which  I  was  able  to 
accomplish  manuring  time  enough  for  the  corn,  and  making  a  fallow  of  the 
other  part,  manuring  as  much  of  it  as  I  could  accomplish  before  the  time 
for  sowing  wheat ;  and  disregarding,  in  a  degree,  all  smaller  crops,  which 
I  could  not  attend  to,  as  an  object,  without  increasing  my  number  of  hands, 
and  interfering  with  the  main  business.  I  went  on  in  this  manner,  till  I 
found  I  could  easily  accomplish  manuring  one  hundred  acres  and  upwards, 
per  annum.  Having  got  my  ground  to  that  state  that  I  can  risk  making  a 
crop  without  manure,  I  am  now  about  discarding  fallow,  being  able  to 
manure  my  whole  hundred  acres  time  enough  for  cropping  in  the  spring, 
by  beginning  to  manure  for  the  next  year  as  soon  as  the  spring  manuring 
is  finished.  I  shall  in  future  have  no  wheat  in  fallow,  but  sow  it  after  corn 
and  other  crops,  from  which  I  am  satisfied  I  can  make  more  from  my 
ground  than  by  naked  fallow,  which  I  always  considered  unprofitable, 
though  you  made  more  wheat,  except  for  the  advantage  of  having  more 
time  to  manure.  ***** 

"  In  saving  my  corn  crop,  I  out  it  up  without  pulling  it  from  the  stalk 
as  usual,  and  cart  it  in  all  together,  then  husk  it  out,  leaving  the  husk  to 
the  stalk :  I  lay  these  near  my  feeding  yard,  and  throw  them  into  it  twice  a 
day :  this  gives  us  a  large  quantity  of  strong  healthy  food  for  the  cattle, 
which  serves  them  all  winter,  and  keeps  them  in  good  condition  without 
any  other  foad ;  makes  a  large  quantity  of  excellentmanure,  and  a  fine  dry 
feeding  yard.  As  opportunity  can  be  found,  we  cart  marl,  fuller's  earth, 
clay,  and  any  good  soil  that  is  convenient,  into  this  yard,  which  being 
mixed  with  the  stalks,  and  straw,  or  anything  else,  penning  the  cattle  on  it 
through  the  winter  and  summer,  instead  of  penning  on  the  field,  in  the 
common  way,  we  have  a  large  quantity  of  manure  to  go  out  in  the  fall,  and 
next  winter ;  it  is  put  into  the  field,  in  the  intermediate  rows,  between  the 
rows  of  marl,  as  far  as  it  will  go,  and  they  will  get  mixed  in  the  cultiva- 
tion, yfe  also  convert  the  scouring  of  our  ditches,  the  head-lands  of  the 
fields,  and  all  waste-ground  that  we  can,  into  manure,  by  carting  litter, 
from  the  woods,  yard  manure,  or  litter,  &c.,  and  mixing  with  them;  so 
that  I  can  nearly,  or  quite,  now,  accomplish  making  farm-yard  and  this 
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kind  of  manure,  sufficient  to  go  over  my  whole  hundred  acres  annually. 
For  the  last  two  years,  I  have  made  more  manure  than  I  could  accomplish 
or  effect  carrying  out,  though  I  have  manured  from  ten  to  twenty  acres 
more  than  my  hundred,  each  year,  with  part  marl  and  part  farm-yard,  but 
not  the  whole  with  both,  as  I  hope  to  be  able  to  do  in  future ;  but  it  will 
be  necessary  to  increase  my  carting  force  to  effect  it,  and  I  clearly  see  I 
can  raise  sufScient  manure  for  the  purpose ;  heretofore  I  have  manured  my 
corn  ground,  iifty  acres,  with  marl,  and  my  fallow  with  part  farm-yard 
manure,  and  part  marl,  as  mentioned  before ;  so  that  you  will  perceive  the 
improvement  made  on  my  soil  has  not  been  effected  by  marl  alone,  but  in 
conjunction  with  farm-yard  manure,  clover,  and  plaster,  and  by  making  it  a 
point  to  manure  with  something  all  the  ground  I  put  into  cultivation ;  so 
that  every  time  I  cultivated  a  field,  that  field  was  improved,  and  not  in  any 
degree  impoverished  by  the  cultivation.  By  this  means,  and  the  Divine  as- 
sistance, I  have  effected  that  improvement  of  my  farm,  which  is  so  very 
striking  to  the  observatiou  of  every  person  acquainted  with  it.  *  *  * 
"In  August,  1805,  in  digging  down  a  bank  on  the  side  of  a  cove,  for  the 
piirpose  of  making  a  causeway,  I  observed  a  shelly  appearance,  which  it 
struck  me  might  improve  clay  soil ;  I  took  some  of  it  immediately  to  the 
house,  and  putting  it  into  a  glass,  with  vinegar,  found  it  effervesced  very 
much ;  this  determined  me  to  try  it  as  a  manure  ;  accordingly,  in  Septem- 
ber, I  carted  out  about  eighty  cart-loads,  and  put  it  on  a  piece  of  ground, 
fallow,  preparing  for  wheat,  trying  it  in  different  proportions,  at  the  rate 
of  from  twenty-seven  to  about  a  hundred  loads  per  acre,  and  the  ground 
was  sown  in  wheat.  I  could  not,  myself,  be  satisfied  that  there  was  any 
difference  through  the  winter  and  spring,  although  General  Lloyd,  who 
was  viewing  it  with  me  in  the  spring,  thought  he  could  perceive  some  dif- 
ference in  favour  of  the  marl ;  but  at  harvest  time,  the  wheat,  though  not 
more  luxuriant  in  growth,  or  better  head,  was  considerably  thicker  on  the 
ground ;  and  after  the  wheat  was  taken  off,  the  ground  where  the  marl  had 
been  put  was  set  with  white  clover,  no  clover  being  on  the  ground  on 
either  side  of  it.  The  next  ye&,  1806,  I  discovered  it  in  the  drain  into 
the  head  of  the  cove,  which  I  immediately  ditched,  and  from  the  ditch  put 
out  seven  hundred  loads,  on  the  fallow  ground.  The  effect,  as  to  the  wheat 
and  clover,  was  the,  same  (this  was  put,  for  experiment,  at  the  rate  of  from 
forty  to  a  hundred  and  twenty  cart-loads  per  acre),  though  the  marl  was 
not  of  the  same  kind  as  the  other,  but  more  mixed  with  sand  and  surface 
soil,  being  taken  from  the  low  ground,  by  ditching,  and  all  mixed  together. 
I  also  tried  it  on  corn  ground,  spread  out  as  above  mentioned,  and  found 
the  effect  immediate,  as  to  the  corn;  and  in  the  same  manner  as  above 
described,  as  to  the  wheat  sown  on  the  corn  ground.  This  induced  me  to 
persevere  in  the  use  of  it,  which  I  have  done  ever  since,  adopting  the  mode 
I  mentioned  before,  and  putting  it  at  first  from  forty  to  seventy  loads  per 
acre,  till  I  have  now  conie  down  as  low  as  eighteen  or  twenty  loads  per  acre, 
going  the  third  time  over  the  ground  with  it."  *  *  *         * 


NOTE  IV. 

FIRST  VIEWS  WHICH  LED  TO  MARLING  IN  PRINCE  GEORGE  COUNTY. 
[From  the  Farmers'  Register,  Nov.  1839,  with  additions.) 

Among  the  persons  who  have  read  with  interest  the  "  Essay  on 
Calcareous  Manures,"  and  haVe  received  as  sound  the  novel  theory 
and  doctrines  there  maintained,  several  have  expressed  their  curi- 
osity which  had  been  excited  to  learn  the  earliest  facts,  or  the  train 
of  reasoning,  which  led  to  the  suggestion  of  the  causes  of  the  de- 
fect of  naturally  barren  soils,  and  the  remedy.  Such  inquiries 
have  been  made  of  the  writer  by  persons  of  investigating  and  well 
informed  minds,  but  of  very  different  education  and  pursuits;  and 
they  were  pleased  to  say,  in  regard  to  the  concise  verbal  answers 
made  to  their  inquiries,  that  they  deemed  the  details  likely  to  be 
interesting  to  many,  and  that  if  given  to  the  public,  they  might 
serve  better  to  induce  the  consideration  and  enforcement  of  the 
doctrines,  than  had  been  done  by  the  mere  arguments  which  had 
been  already  published,  convincing  as  they  considered  these  argu- 
ments to  be. 

Though,  without  these  reasons  and  solicitations,  the  writer  might 
have  still  refrained  from  touching  this  subject,  it  was  not  that  he 
had  not  held  the  same  opinion,  and,  except  in  his  own  case,  would 
have  urged  the  same  course.  It  is  certain,  that  the  tracing  of  the 
steps  by  which  any  new  discovery  or  improvement  has  been  reached, 
must  always  be  interesting  in  proportion  to  the  admitted  importance 
of  the  results;  and,  indeed,  such  a  statement  seems  almost  necessary 
to  induce  the  reader  to  accompany  the  author  from  his  first  premises 
to  the  remote  conclusion,  and  which  otherwise  is  only  reached 
through  a  devious  and  tedious  passage,  and  by  a  course  of  reason- 
ing which  is  wanting  in  interest,  because  the  application  and 
tendency  of  the  arguments  and  proofs  are  not  seen  when  they  are 
first  presented.  The  objection  which  restrained  the  writer  from 
before  pursuing  a  course  vphich  he  would  have  highly  approved  in 
others,  was,  that  such  a  narrative  of  opinions  and  facts  would  be 
entirely  a  personal  narrative,  and  therefore  obnoxious  to  the  charge 
of  egotism  throughout.  The  statement  of  the  reasoning  which  led 
to  the  successful  use  of  fossil  shells  on  the  poor  lands  of  lower 
Virginia,  would  be  incomplete  if  not  accompanied  by  a  narrative 
of  early  labours,  and  the  early  as  well  as  latest  results  and  effects. 
In  the  whole  of  this,  there  would  be  scarcely  anything  but  state- 
ments of  what  the  writer  thought,  and  reasoned,  and  performed. 
But  the  subject  must  be  so  treated,  or  not  at  all;  and  having  con- 
sented to  give  the  narrative,  the  writer  will  throw  aside  all  scruples 
and  objections,  and  endeavour  to  enter  as  much  into  detail,  as  he, 
if  a  reader  of  others'  agricultural  improvements  and  practical  ope- 
rations, would  desire  there  to  find. 
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With  tte  beginning  of  the  year  1813,  when  barely  nineteen  years 
of  age,  the  easy  indulgence  of  my  guardian  gave  to  me  the  posses- 
sion and  direction  of  my  property ;  which  consisted  of  the  Coggins 
Point  farm,  with  the  necessary  and  yet  very  insufficient  stock  of 
every  kind.  It  is  scarcely  necessary  to  add  that,  at  my  very  early 
commencement,  I  was  totally  ignorant  of  practical  agriculture; 
and  such  would  have  been  the  case,  according  to  the  then  and  now 
usual  want  of  training  of  farmers  of  Virginia,  even  if  my  farming 
labours  had  been  postponed  to  a  mature  age.  But  I  had  alwaj's 
been  fond  of  reading  for  amusement,  and  the  few  books  on  agri- 
culture (then  very  scarce  in  this  country)  which  I  had  met  with, 
had  been  studied,  merely  for  the  pleasure  they  afforded,  at  a  still 
earlier  time  of  my  boyhood.  The  earliest  known  of  these  works 
was  an  English  book,  in  four  volumes,  the  "  Complete  Body  of 
Husbandry,"  of  which  I  have  not  seen  the  only  known  copy  since 
I  was  fifteen  years  old.  This  work  was  probably  a  mere  compila- 
tion, and  of  little  value  or  authority ;  but  it  gave  me  a  fondness 
fflr  agricultural  studies,  and  filled  my  head  with  notions  which  were, 
even  if  proper  in  England,  totally  unsuitable  to  this  country. 
"  Bordley's  Husbandry"  next  fell  into  my  hands,  and  its  contents 
were  as  greedily  devoured.  This  was  indeed  written  in  America, 
and  by  an  American  cultivator ;  but  as  he  drew  almost  all  his 
notions  from  English  writers,  his  work  is  essentially  also  of  foreign 
materials. 

Thus  prepared,  I  commenced  farming,  ignorant  indeed,  but  not 
in  my  own  conceit.  The  agriculture  of  my  neighbourhood,  like 
all  that  I  had  ever  witnessed,  was  wretched  in  execution,  and  as 
erroneous  as  well  could  be  in  system,  whether  subjected  to  the  test 
of  sound  doctrine,  or  the  improper  notions  which  I  had  formed  from 
English  writers.  I  was  right  in  condemning  the  general  practice 
of  my  neighbours;  but  decidedly  mistaken  in  my  self-satisfied 
estimate  of  my  own  better  information  and  plans. 

Just  about  the  time  that  my  business  as  a  cultivator  was  com- 
menced, Col.  John  Taylor's  "Arator"  was  published;  and  never 
has  any  book  on  agriculture  been  received  with  so  much  enthusiastic 
applause,  nor  has  any  other  had  such  wide-spread  early  effects  in 
affecting  opinion,  and  stimulating  to  exertion  and  attempts  for  im- 
provement. The  ground  had  before  no  occupant,  and  therefore 
this  work  had  to  contend  with  no  rival.  The  larger  land-owners, 
of  lower  Virginia  especially,  had  previously  treated  their  own  pro- 
per employment,  and  their  only  source  of  income,  with  total 
neglect ;  and  very  few  country  gentlemen  took  any  personal  and 
regular  direction  of  their  farming  operations.  It  was  considered 
enough  for  them  to  hire  overseers  (and  that  class  then  was  greatly 
inferior  in  grade  and  respectability  to  what  it  is  now),  and  to  leave 
the  daily  superintendence   to   them   entirely.      The   agricultural 
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practices,  and  also  the  products,  were  consequently,  and  almost 
universally,  at  a  very  low  ebb.  The  work  of  Taylor  appeared 
when  these  evils  had  become  manifest ;  and  it  was  received  with  a 
welcome  which  in  warmth  was  proportioned  to  the  magnitude  of 
the  evil,  and  to  the  exaggeration  of  the  promises  of  speedy  and 
effectual  remedy  which  the  author  made,  with  entire  good  faith  no 
doubt,  but  which  were  proved,  by  results,  to  be  anything  but  cor- 
rect to  the  great  majority  of  his  sanguine  followers. 

Of  course,  I  was  among  the  most  enthusiastic  adinirers  of  "  Ara- 
tor;"  and  not  only  received  as  sound  and  true  every  opinion  and 
precept,  but  even  went  beyond  the  author's  intention  (perhaps), 
and  applied  his  rules  for  tillage  to  lands  of  surface  and  soil  alto- 
gether different  from  the  level  and  originally  rich  sandy  soils  of  the 
Rappahannock,  where  his  labours  and  systeni  had  been  so  success- 
ful. However,  this  error  was  by  no  means  confined  to  myself; 
for  his  other  disciples  fully  as  much  misunderstood  the  directions, 
and  misapplied  the  practices. 

It  was  my  main  object  to  enrich  my  then  very  poor  land; 
and,  for  that,  Taylor  offered  means  that  seemed  to  be  sure  and 
speedy.  According  to  his  views,  it  was  only  necessary  to  protect 
the  arable  land  from  all  grazing,  and  thus  let  the  vegetable  cover 
of  the  land,  when  resting,  serve  as  manure — to  plough  deep,  and 
in  ridges — to  convert  all  the  corn-stalks  and  other  offal  to  manure, 
and  plough  it  under,  unrotted,  for  the  corn — to  put  the  farm  under 
clover  as  fast  as  manured— and  the  desired  result  would  be  sure. 
I  hoped  at  first  to  be  able  to  manure,  say  10  or  12  acres  a  year  very 
heavily,  with  the  barn-yard  manure,  and  expected  that  such  ma- 
nuring would  give  a  crop  of  50  bushels  of  corn  to  the  acre.  The 
space,  so  enriched,  when  in  the  succeeding  crop  of  wheat,  would 
be  put  under  clover — and  its  acquired  productiveness  be  made 
permanent,  by  the  lenient  rotation  of  two  crops  only  taken  from 
the  land  in  four  years.  But  utter  disappointment  followed.  The 
manure  was  put  on  the  poorest  (and  naturally  poor)  land ;  and  it 
produced  very  little  of  the  expected  effect  in  the  first  course  of 
crops,  and  was  scarcely  to  be  perceived  on  the  second.  Clover 
could  not  be  made  to  live  on  land  of  this  kind ;  and  even  on  much 
better,  or  where  more  enriched,  it  was  a  very  precarious  crop,  and 
which,  where  the  growth  was  best,  was  certain  to  yield  the  entire 
occupancy  of  the  ground  to  natural  weeds  after  one  year.  The 
general  non-grazing  of  the  fields  under  grass,  or  rather  _  under 
weeds,  produced  no  visible  enriching  effect,  and  the  ploughing  of 
hilly  land  (as  mine  mostly  was)  into  ridges,  caused  the  most  de- 
structive washing  away  of  the  soil  by  heavy  rains.  These  results 
were  not  speedily  made  manifest ;  and  before  being  convinced  of 
their  certainty,  I  had  laboured  for  four  or  five  years  in  using  these 
means  of  supposed  improvement  of  the  soil|,  but  all  of  which 
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proved  either  profitless,  entirely  useless,  or  absolutely  and  in  some 
oases  greatly  injurious.  And  even  after  trying  to  avoid  the  first 
known  errors,  and  using  all  other  supposed  means  for  giving  dura- 
ble and  increasing  fertility  to  my  worn  and  poor  fields,  at  the  end 
of  six  years,  instead  of  having  already  achieved  great  improve- 
ment, I  was  compelled  to  confess  that  no  part  of  my  poor  land  was 
more  productive  than  when  my  labours  commenced,  and  that  on 
much  of  it,  a  ten-fold  increase  had  been  made  of  the  previously 
large  space  of  galled  and  gullied  hill-sides  and  slopes. 

When  more  correct  opinions  had  been  formed  in  after-time  of  the 
actual  condition  and  requirements  of  such  poor  soils,  it  seemed  an 
astonishing  delusion,  which  would  have  been  altogether  ludicrous 
but  for  its  serious  effects,  that  I  should  have  counted  so  much  on 
improving  such  a  soil,  and  by  such  means.  With  the  exception 
of  a  small  part  near  the  river  banks  (perhaps  one-fifth  of  the  then 
cleared  and  cultivated  land),  which  had  been  originally  of  very  fine 
quality,  and,  however  abused  and  exhausted,  was  still  good  land, 
the  farm  generally  consisted  of  a  soil  of  sandy  loam,  usually  about 
three  inches  deep,  and  through  which  a  single-horse  plough  could 
easily  penetrate  and  turn  up  the  barren  and  more  sandy  yellow 
sub-soil.  Grazing  the  fields,  when  not  under  tillage,  had  been  the. 
regular  practice ;  and  under  it  very  little  growth  was  to  be  seen 
except  the  light  and  diminutive  "  hen's  nest  grass"  {aristida  gra- 
cilis), which  formed  the  almost  universal  cover  of  the  poor  fields 
of  lower  Virginia,  in  the  intervals  between  tillage.  Add  to  these 
circumstances  of  very  poor  and  shallow  soil,  and  barren  and  sandy 
sub-soil,  and  almost  no  vegetable  cover  to  turn  under,  that  every 
field  was  more  or  less  hilly,  and  liable  to  be  washed  by  heavy  rains 
— and  the  judicious  reader  will  see  nothing  but  false  confidence 
and  ignorance  displayed  in  my  bold  adoption  of  Taylor's  system. 
Nor  was  I  convinced  of  my  error  until  after  nearly  all  the  fields 
had  been  successively  thrown  into  ridges  by  two-horse  ploughs,  and 
all  the  hilly  and  more  slightly  inclined  surface  had  been  awfully 
washed  and  gullied,  by  the  exposure  of  the  loose  sub-soil  to  the 
action  of  the  streams  of  rain-water. 

While  these  my  supposed  measures  of  improvement  were  in  pro- 
gress, I  was  in  habits  of  frequent  and  familiar  intercourse  with  my 
oldest  and  best  fi'iend,  and  former  guardian,  Thomas  Cocke,  who 
resided  then  on  his  Aberdeen  farm,  and  since  and  now,  on  Tarbay, 
adjoining  my  own  land.  My  friend  was  a  man  for  whose  mind  and 
mental  cultivation  I  could  not  but  entertain  a  very  high  estimation. 
But,  though  all  his  life  a  practical  and  assiduous  cultivator,  and 
finding  his  greatest  pleasure  in  his  farming  labours,  he  yet  was  a 
careless,  slovenly,  and  bad  manager,  and  of  course  an  unprofitable 
farmer.  Therefore,  on  this  subject,  I  held  in  but  light  esteem  the 
opinions  which  he  maintained,  which  were  opposed  to  my  own. 


TATLOa's  AND  DAVY's  DOCTRINES.  413 

One  of  these  (and  which  he  had  first  gathered  from  some  old  and 
ignorant,  but  experienced  practical  cultivators  of  his  neighbour- 
hood), was  the  opinion  that  our  land  which  was  naturally  poor 
could  not  "  hold  manure,"  to  any  extent  or  profit,  and  therefore 
could  not  be  enriched.  For  years  I  heard  this  opinion  frequently 
expressed  by  him,  and  the  evident  inference  therefrom,  that  the 
far  greater  part  of  our  lands,  and  of  the  whole  country,  was  doomed 
to  hopeless  sterility  j  and  as  often  as  heard,  I  rejected  it  as  a 
monstrous  agricultural  heresy — ^as  treason,  indeed,  to  the  authority 
of  Taylor,  and  of  every  other  author  on  agriculture  whom  I  had 
read  or  heard  of.  But -at  last  I  was  compelled,  most  reluctantly, 
to  concur  in  this  opinion. 

What  was  then  to  be  done  ?  I  could  not  bear  the  idea  of  pur- 
suing the  general  system  of  the  country  in  continuing  to  lessen  the 
already  small  productiveness  of  my  fields,  by  their  course  of  culti- 
vation. _  The  whole  income,  and  more,  was  required  for  the  most 
economical  support  of  a  then  small  but  fast  growing  family ;  and 
for  any  increase  of  income  or  net  profit,  there  was  no  hope,  save 
in  the  universal  approved  resort  in  all  such  cases,  of  emigrating 
to  the  rich  western  wilderness.  And  accordingly  such  became  my 
intentioij,  fully  considered  and  decided  upon,  and  which  was  only 
prevented  being  carried  into  eflFeot  by  subsequent  occurrences. 

Just  before  this  time  Davy's  "  Agricultural  Chemistry"  had  been 
first  published  in  this  country ;  and  I  read  it  with  delight,  notwith- 
standing my  then  total  ignorance  of  chemical  science,  and  even  of 
chemical  names,  except  as  learned  by  that  perusal.  There  was  one 
passage  of  this  author  which  seemed  to  afford  both  light  and  hope 
on  the  point  in  which  disappointment  had  led  me  to  despair.  As 
an  illustration  of  defects  in  the  chemical  constitution  of  soils,  and 
of  the  remedies  which  proper  investigation  might  point  out,  he 
adduced  the  fact  of  a  soil  "  of  good  apparent  texture,"  which  was 
sterile,  and  seemed  incapable  of  being  enriched.  The  fact  which 
struck  so  forcibly  on  my  mind  was  presented  in  the  following  con- 
cise passage  of  Lect.  iv.  "  If  on  washing  [for  analyzing]  a  sterile 
soil,  it  is  found  to  contain  the  salt  of  iron,  or  any  acid  matter,  it 
may  be  ameliorated  by  the  application  of  quick-lime.  A  soil  of 
good  apparent  texture  from  Lincolnshire,  was  put  into  my  hands 
by  Sir  Joseph  Banks  as  remarkable  for  sterility.  On  examining 
it,  I  found  that  it  contained  sulphate  of  iron ;  and  I  offered  the 
obvious  remedy  of  top-dressing  with  lime,  which  converts  the  sul- 
phate into  a  manure." 

Much  the  greater  part  of  my  land,  and  of  all  the  land  of  lower 
Virginia,  seemed  to  me  just  such  as  Davy  described  in  this  single 
and  peculiar  soil.  It  was  certainly  of  "  good  apparent  texture," 
that  is,  it  was  neither  much  too  clayey  or  too  sandy,  nor  had  it  any 
other  apparent  defect  to  forbid  its  being  fertile  in  a  very  high 
35* 


414  SALTS   OF  mON   IN   SOIL. 

degree.  Yet  it  waa  and  always  had  been  sterile,  and,  as  my  ex- 
perience now  concurred  with  that  of  my  older  friend  in  showing,  it 
could  not  be  either  durably  or  profitably  enriched  by  putrescent 
manures.  Could  it  be  possible  that  the  sulphate  of  iron  (copperas) 
which  Davy  found  in  this  soil,  and  which  he  evidently  spoke  of  as 
a  rare  example  of  peculiar  constitution,  could  exist  in  nineteen- 
twentieths  of  all  the  lands  of  lower  Virginia  ?  This  could  scarcely 
be ;  and  yet,  in  despair  of  finding  other  causes,  I  set  about  search- 
ing for  this  one. 

It  was  not  difficult,  even  for  a  reader  so  little  instructed  in 
chemistry,  to  apply  the  test  for  copperas.'  It  was  only  necessary 
to  let  a  specimen  of  the  suspected  soil  remain  soaking  in  pure 
water,  until  any  copperas,  if  present,  would  be  dissolved ;  then  to 
separate  the  fluid  by  pouring  off  and  filtration,  and  then  to  add  to 
the  fluid  some  of  the  infusion  of  nut-galls.  If  copperas  had  been 
held  in  solution,  the  mixture  would  produce  a  true  ink,  of  which 
the  smallest  proportion  would  be  made  visible  in  the  before  per- 
fectly transparent  water.  But  all  these  first  attempts  were  fruit- 
less, and  I  was  obliged  to  conclude  that  the  great  defect,  or  impedi- 
ment to  improvement,  in  most  of  our  soils,  was  not  the  presence 
of  the  salts  of  iron.  But  though  not  a  salt,  of  which  one  of  the 
component  parts  was  an  acid,  might  not  the  poisonous  quality  be  a 
pure  or  uncombined  acid?  This  question  was  raised  in  my  mind, 
and  the  readiness  produced  to  suppose  the  affirmative  to  be  true,  by 
several  circumstances.  These  were,  1st.  That  certain  plants  known 
to  contain  acid,  as  sheep-sorrel  and  pine,  preferred  these  soils,  and 
indeed  were  almost  confined  to  them,  and  grew  there  with  luxuri- 
ance and  vigour  proportioned  to  the  unfitness  of  the  land  for  pro- 
ducing cultivated  crops.  2d.  That  of  all  the  soils  supposed  to  be 
acid  which  I  examined  by  chemical  tests,  not  one  contained  any 
calcareous  earth.*  3d.  That  the  small  proportion  of  my  land,  and 
of  all  within  the  range  of  my  observation,  which  was  shelly,  and  of 
course  calcareous,  was  entirely  free  from  pine  and  sorrel,  and  more- 
over was  as  remarkable  for  great  and  lasting  fertility,  as  the  lands 
supposed  to  be  acid  for  the  reverse  qualities.  Shells,  or  lime, 
would  necessarily  combine  with,  and  destroy,  all  the  previous  pro- 
perties of  any  acid  placed  in  contact ;  and  therefore,  if  acid  were 
present  universally,  and  acting  as  a  poison  to  cultivated  plants,  it 
seemed  plain  enough  why  the  shelly  lands  were  free  from  this  bad 

*  I  was  not  then  aware  of  the  important  and  novel  fact  which  I  after- 
wards ascertained  and  established,  and  which  is  now  fully  received  (with 
very  slight  ackno-rt'ledgment  of  its  source)  by  the  geologists  of  this  country, 
t]i&ialmost  all  the  soils  on  the  Atlantic  slope  of  this  country,  and  even  including 
nearly  all  limestone  soils,  are  also  entirely  destitute  of  carbonate  of  lime 
though  that  ingredient  seems  nearly  if  not  quite  universal  in  all  the  best 
soils  of  England  and  the  continent  of  Europe. 
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quality,  and  by  its  absence  had  been  permitted  to  grow  rich,  and  to 
continue  productive.  Every  new  observation  served  to  add  strength 
to  this  notion ;  and  in  our  tide-water  region  generally,  and  even  in 
my  own  neighbourhood,  there  were  plenty  of  subjects  for  observa^ 
tion  and  comparison,  both  in  small  shelly  and  fertile  spots,  and  a 
vast  extent  of  poor  pine  and  sorrel-producing  lands.  Still,  I  conld 
obtain  no  direct  evidence  of  the  presence  of  acid,  either  free  or 
combined,  by  applying  chemical  tests  to  soils  (as  was  tried  in  many 
cases),  nor  was  there  any  authority  in  my  oracle,  Davy's  "  Agri- 
cultura,l  Chemistry,"  nor  in  any  other  work  which  I  had  read,  for 
supposing  vegetable  acid  to  be  present  in  any  soil.  Though  Davy 
adds  to  the  supposition  of  the  presence  of  the  "  salt  of  iron,"  "  or 
any  acid  matter,"  it  is  clear  from  the  whole  context  that  he  had  in 
view  the  possible  and  extremely  rare  presence  of  a  mineral  acid  (as 
the  sulphuric),  and  not  vegetable  acid,  which  my  views  required, 
and  my  proofs  were  afterwards  brought  to  maintain.  Sulphuric 
acid  is  sometimes  found  in  certain  clays,  and  in  combination  with 
iron  is  also  in  peat  soils;  but  these  facts  have  no  application  to 
ordinary  soils  of  any  country.  Of  course,  this  absence  of  authority 
would,  to  most  inquirers,  have  seemed  fatal  to  the  position  of  an 
acid  principle  being  generally  present  in  the  soils  of  Virginia,  and 
in  great  quantity  and  power  of  injurious  action.  This  was,  indeed,  a 
great  obstacle  opposed  to  the  establishment  of  my  newly  formed 
opinion ;  but  it  was  not  yielded  to  as  insuperable.  Diffident  as  I 
then  was  of  any  such  views  of  my  own,  and  holding  the  dicta  of 
Davy  as  the  highest  authority,  and  even  his  omission  of  any  posi- 
tion as  evidence  that  it  was  untrue,  or  unknown,  still  I  was  not 
daunted,  and  supposed  it  possible  that  the  soils  of  this  country 
might  vary  essentially  in  composition,  in  this  respect,  from  those 
of  England;  or  barely  possible  that  even  the  great  chemical  philo- 
sopher might  not  have  observed  the  presence  of  vegetable  acid  in 
the  comparatively  few  cases  of  its  existence  in  English  soils.  The 
later  observations  of  subsequent  years  added  much  to  my  evidences 
of  the  existence  of  acid  in  soils ;  and  still  later  and  scientific  inves- 
tigations of  chemists  have  served  to  establish  that  there  is  an  acid 
principle  in  most  soils,  in  the  humic  or  geic  acid.  But  these  dis- 
coveries of  chemists  had  not  been  published  in  1817  (if  indeed 
known  to  any),  nor  had  my  own  observations  reached  to  all  the 
proofs  which  I  afterwards  (in  1832)  published  in  the  first  edition 
(in  book  form)  of  the  "  Essay  on  Calcareous  Manures,"  and  which 
were  still  in  advance  of  the  publication  of  the  now  generally  re- 
ceived opinions  of  the  geic  or  humic  acid.  It  must  therefore  be 
confessed,  that  if  I  reached  a  correct  conclusion,  it  was  not  on  suf- 
ficiently established  premises,  and  known  chemical  facts.  However, 
reached  it  was,  whether  by  right  or  by  wrong  reasoning ;  and  how- 
ever little  supported  by  direct  proof  or  authority,  I  was  almost  sure, 
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in  advance  of  any  known  experiment,  first,  that  the  cause  of  the 
unproductiveness  and  unfitness  for  being  enriched  of  most  of  our 
lands,  was  the  presence  of  acid — and  secondly,  and  consequently, 
that  the  application  of  lime,  or  calcareous  earth,  would,  by  taking 
up  and  destroying  the  poisonous  principle,  leave  the  soil  free  to  re- 
ceive and  to  profit  by  enriching  manures. 

But  even  if  this  theoretical  position  had  been  demonstrated,  still 
it  might  furnish  no  profitable  practical  remedy.  For,  admitting 
that  the  application  of  calcareous  matters  would  relieve  the  soil  of 
its  great  evil,  and  make  it  capable  of  receiving  subsequent.improve- 
ment,  yet  after  being  so  relieved,  the  land,  I  supposed,  would  be 
still  as  poor  as  before,  and  would  require  all  the  manure,  labour, 
and  time,  necessary  to  enrich  any  very  poor  soil;  and  these  might 
be  so  expensive,  that  the  improvement  of  the  land  would  cost  more 
than  it  would  afterwards  be  worth.  These  considerations  served 
to  lessen  my  estimation  of  the  practical  utility  of  the  theoretical 
truth,  and  to  make  my  earliest  applications  of  the  theory  to  practice 
hesitating,  and  very  limited  in  extent. 

Having  settled  that  calcareous  matter  was  the  medicine  to  be 
applied  to  the  diseased  or  ill  constituted  soil,  I  was  luckily  at  no 
loss  to  find  the  materials.  In  some  of  the  many  ravines  which 
passed  through  my  land,  and  on  sundry  parts  of  the  river  bank, 
were  exposed  some  portions  of  the  beds  of  fossil  shells  which  un- 
derlie nearly  all  the  eastern  parts  of  Virginia  and  several  other 
southern  states ;  the  deposit  which  then  had  obtained  in  th,is  region, 
though  improperly,  and  still  retains  the  name  of  marl.  I  began 
operations  in  February,  1818,  at  one  of  the  spots  most  accessible 
to  a  cart.  The  overlying  earth  was  thrown  off,  and  a  few  feet  in 
width  of  the  marl  exposed,  in  which  a  pit  was  sunk  to  the  depth 
of  but  three  or  four  feet.  When  night  stopped  the  very  slow  dig- 
ging and  throwing  out  of  the  marl,  the  slowly  oozing  water  filled 
the  pit ;  and  as  no  proper  plan  of  draining  had  been  adopted,  the 
first  shallow  pit  was  abandoned,  and  another  opened.  In  this  labo- 
rious and  wasteful  manner  there  was  as  much  marl  obtained  as  I 
was  then  willing  to  apply.  It  served  to  give  a  covering  of  125  to 
200  bushels  per  acre,  to  2J  acres  of  new  ground.  The  wood  on 
the  land  had  been  cut  down  three  years  before,  and  suffered  to  lie 
and  rot  until  cleared  up  for  cultivation  in  1818.  Though  poor 
ridge  land,  and  of  what  I  deemed  of  the  most  acid  class  of  soils, 
still  the  previous  treatment  had  given  to  it  so  much  decomposed 
vegetable  matter,  that  its  product  would  necessarily  be  made  the 
best  which  such  a  soil  was  capable  of  bringing.  And  because  of 
the  superabundance  of  food  for  plants  then  ready  to  act,  this  was 
not  a  good  subject  to  show  the  earliest  and  greatest  benefit  of  neu- 
tralizing the  acid.  However,  notwithstanding  this  circumstance, 
and  the  small  amount  and  poverty  of  the  marl  (which  contained 
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but  one-tMrd  of  calcareous  matter),  the  improvement  produced  was 
greater  and  more  speedy  in  showing  than  I  had  dared  to  hope  for. 
When  the  plants  were  but  a  few  inches  high,  and  before  I  had  ex- 
pected to  see  the  slightest  improvement  (indeed  none  had  been 
expected  to  show  in  the  first  year),  the  superiority  of  the  marled 
corn  was  manifest,  and  which  continued  to  increase  as  the  growth 
advanced.  My  high  gratification  can  only  be  appreciated  by  a 
schemer  and  projector ;  but  such  a  one  can  well  imagine  my  feel- 
ings and  sympathize  in  my  triumph.  The  increase  of  the  first 
crop,  corn,  I  stated  by  guess,  in  reporting  the  experiment,  to  be 
fully  40  per  cent.,  and  that  of  the  wheat  which  succeeded  was 
much  greater.  Later  measurements  of  other  products  of  experi- 
ments have  induced  me  to  believe  that  I  had  underrated  the 
amount  of  increase  in  this  first  application.  [This  experiment  is 
the  first  stated,  and  at  length,  at  page  117  of  "Essay  on  Calcareous 
Manures,"  5th  edition.  Throughout  this  republished  article,  the 
references  to  the  pages  of  the  "Essay  on  Calcareous  Manures," 
will  be  changed  from  the  previous  to  the  present  edition.] 

Great  as  had  been  the  labour  of  this  application,  and  small  as 
its  increased  product  (comparing  both  with  later  operations),  the 
results  served  completely  to  sustain  my  theoretical  views,  and  also 
showed  the  remedy  for  the  general  evil  to  be  far  more  quick,  and 
more  profitable,  than  I  had  counted  on.  Another  person  would 
probably  have  despised  this  small  iucrease  to  the  acre,  if  supposing 
the  efiect  to  be  but  temporary ;  and  this  all  would  have  inferred, 
whether  judging  by  comparison  with  all  other  manures  known  in 
practice,  or  even  if  by  the  authority  of  books.  For  the  best  in- 
formed of  the  old  writers  (even  Lord  Kames,  for  example),  while 
claiming  for  the  effects  of  marl  great  durability,  still  consider  that 
at  some  period,  say  twenty  or  a  hundred  years,  the  effects  are  to 
cease.  But  my  views  were  not  limited  within  any  practical  expe- 
rience, or  authority,  but  by  my  own  theory  of  the  action ;  and 
that  theory  taught  me  to  infer  that  the  benefit  gained  would  never 
be  lost,  and  that  under  proper  cultivation,  the  increase  of  product 
would  still  more  increase,  instead  of  being  lessened  in  the  course 
of  time.  In  thus  fully  confiding  in  the  permanency  of  the  im- 
provement, I  was  at  once  convinced  of  the  operation  being  both 
cheap  and  profitable.  All  doubt  and  hesitation  were  thrown  aside, 
and  I  determined  to  increase  my  labours  in  marling  to  the  utmost 
extent  of  my  views.  Still  the  want  of  spare  labour,  and  the  esta- 
blished routine  of  farm  operations  which  occupied  all  the  force, 
retarded  my  operations  so  much,  that  no  more  than  twelve  more 
acres  (for  the  next  year's  crop)  were  marled  in  that  year  (1818). 

It  forms  an  essential  part  of  tEe  character  of  an  enthusiastic  and 
successful  projector,  and  especially  an  agricultural  projector,  to  be 
as  anxious  to  inform  others  as  to  profit  himself.     Of  course  I  tried 
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to  bestow  upon  and  share  my  lights  with  all  my  neighbours  and 
other  farmers  whom  my  then  humble  position  and  secluded  'life 
permitted  me  to  meet.  This  disposition  also  caused  my  earliest 
attempt  at  writing  for  even  so  smalLa  portion  of  the  public  as  con- 
stituted a  little  agricultural  society  of  which  I  had  induced  the 
establishment  in  my  neighbourhood.  To  show  my  earliest  opinions 
and  statements  on  this  subject,  I  will  here  quote  the  material  part 
of  a  communication  made  to  that  society,  and  which  was  written 
in  October  of  the  year  of  my  first  experiment  in  1818.  I  copy 
the  extract  just  as  it  then  stood,  and  with  all  its  defects  of  form 
and  of  substance.  I  then  shrunk  in  fear  from  the  greater  publicity 
which  the  press  would  have  aflForded,  and  had  not  the  remotest 
anticipation  that  my  first  efibrt,  then  made,  would  lead  me  to  the 
extended  intercourse  since  established  and  maintained  with  the 
public,  both  by  writing  and  printing. 

*  *  *  *  "  We  should  be  induced  to  infer  from  the  remarks  of 
those  writers  who  have  treated  on  the  improvement  of  land,  that  a 
soil  artificially  enriched  is  equally  valuable  with  one  which  would 
produce  the  same  amount  of  crop  from  its  natural  fertility ;  and 
that  a  soil  originally  good,  but  impoverished  by  injudicious  cultiva- 
tion, is  no  better  than  if  it  never  had  been  rich.  If  this  conclusion 
be  just  (and  the  contrary  has  not  been  even  hinted  by  them),  it  is 
in  direct  contradiction  to  the  opinion  of  many  intelligent  practical 
farmers,  with  whom  my  own  observations  concur,  in  pronouncing 
that  soUs  naturally  rich  (although  completely  worn  out),  will  sooner 
recover  by  rest — can  be  enriched  with  less  manure — and  will  longer 
resist  the  effects  of  the  severest  course  of  cropping,  than  soils  of  as 
good  apparent  texture  and  constitution,  and  in  similar  situations, 
but  poor  before  they  were  brought  into  cultivation.  Should  the 
latter  opinion  be  correct,  it  is  of  the  utmost  importance  that  the 
subject  should  be  investigated ;  as  the  only  conclusion  that  can  be 
drawn  from  it  is,  that  such  land  must  have  some  secret  defect  in  its 
constitution,  some  principle  adverse  to  improvement ;  and  until  this 
is  discovered  and  corrected,  it  is  an  almost  hopeless  undertaking  to 
make  a  barren  country  permanently  fertile,  by  means  of  animal  and 
vegetable  manure. 

"  That  enclosing*  has  but  little  effect  in  improving  land  naturally 
barren,  is  suf&oiently  proved  by  poor  wood-land.  This  has  had  the 
benefit  of  enclosing  for  perhaps  thousands  of  years,  and  is  yet 
miserably  poor.  It  may  be  said  that  leaves  are  not  to  be  compared 
in  value  to  grass  or  weeds ;  but  surely  leaves  ought  to  improve  as 
much  in  a  thousand  years,  as  grass  or  weeds  in  twenty.  Besides, 
it- is  well  known,  that  leaves  taken  from  this  very  land,  and  applied 
elsewhere,  have  produced  much  benefit;  and  the  advocates  of  en- 

*  The  non-grazing  system,  or  manuring  land  by  its  own  growth. 
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closing  must  agree  with  me  in  ascribing  to  this  cause  the  natural 
fertility  of  the  most  valuable  [wood]  land. 

"As  tomanuring,  there  are  but  few  farmers  who  have  not,  like 
me,  experienced  complete  disappointment  in  endeavouring  to  im- 
prove land  so  little  favoured  by  nature.  In  the  usual  method  of 
summer  manuring,  by  movable  cow-pens,  the  most  negligent  far- 
mers give  the  heaviest  covering,  by  suflFering  their  pens  to  remain 
stationary  sometimes  six  or  eight  weeks.  I  have  known  the  surface 
in  this  manner  to  be  covered  an  inch  thick  with  the  richest  of  ma- 
nures, and  yet,  after  going  through  the  same  course  of  crops  and 
grazing  with  the  adjoining  unmanured  land  for  six  years,  it  could 
not  be  distinguished.         *  ****** 

"If  anyone  principle  should  be  always  found  in  one  kind  of 
soil,  and  as  invariably  absent  in  the  other,  we  might  reasonably  infer 
that  that  was  the  cause  of  fertility  or  barrenness.  Judging  from 
my  very  limited  observations,  it  appears  evident  that  calcareous 
earth  constitutes  a  part  of  every  soil  rich  in  its  natural  state,  and 
that  whenever  a  soil  is  entirely  or  nearly  deficient,  it  never  can  be- 
come rich  of  itself,  and  if  made  so  by  heavy  doses  of  dung,  will 
soon  relapse  into  its  former  sterility. 

"  Let  us  observe  how  facts  coincide  with  this  opinion.  The  lower 
part  of  Virginia  is  generally  poor ;  narrow  stripes  along  the  rivers 
and  smaller  watercourses  are  nearly  all  the  high  lands  that  are 
valuable,  and  in  this  class,  exclusively,  shells  are  seen  so  frequently, 
and  in  such  abundance,  that  it  seems  highly  probable  that  they  are 
universally  present,  but  so  finely  divided  as  not  to  be  visible. 
When  we  know  the  change  produced  by  calcareous  earth  in  the 
colour  and  texture  of  soil,  and  in  a  field  of  ap  hundred  acres,  all  of 
the  same  dark-coloured  mellow  soil,  shells  may  he  seen  in  only  a 
few  detached  spots,  we  cannot  but  attribute  the  same  effects  ^o 
the  same  cause,  and  allow  calcareous  matter  to  be  present  in  every 
part. 

"  The  durable  fertility  of  land  which  contains  shells  in  abundance 
is  so  wonderful,  that  I  should  not  dare  to  describe  it,  were  not  the 
facts  supported  by  the  best  authority.  The  calcareous  matter  for 
ages  has  been  collecting  and  fixing  in  the  soil  such  an  immense 
supply  of  vegetable  matter,  that  near  two  centuries  of  almost  con- 
tinual exhaustion  have  not  materially  injured  its  value.  I  have 
seen  fields  on  York,  James,  and  Nansemond  rivers,  now  extremely 
productive,  which  are  said  to  have  been  under  cultivation  for  thirty 
and  forty  years,  without  any  aid  worthy  mentioning,  from  rest  or 
manure. 

"  The  same  cause  operates  on  low  lands,  formed  by  alluvion,  and 
situated  on  streams  accustomed  to  overflow.  Such  land  is,  with 
very  few  exceptions,  of  the  first  quality;  and  it  is  made  so  by  the 
calcareous  matter  which  the  currents  must  necessarily  convey  from 
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the  strata  of  marl  through  which  they  pass;  and  which  being  in- 
timately mixed  with  sand,  clay,  and  vegetable  matter,  is  sufficient 
to  form  the  finest  and  deepest  soil.  All  the  rich  low  grounds 
which  I  have  had  an  opportunity  of  observing,  have  marl  on  some 
of  tho  streams  which  fall  into  them,  and  I  have  not  heard  of  any 
on  those  few  which  are  poor.  Not  a  solitary  instance  of  shells 
being  found  in  poor  land  of  any  description  has  come  to  my 
knowledge. 

"  If  these  premises  are  correct,  no  other  conclusion  can  be  drawn 
from  them  but  that  a  proportion  of  calcareous  earth  gives  to  soil  a 
capacity  for  improvement  which  it  has  not  without;  and  it  also 
follows,  that  by  an  application  of  shell  marl,  the  worst  land  would 
be  enabled  to  digest  and  retain  that  food,  which  has  hitherto"  been 
of  little  or  no  advantage.  *  ***** 

"  The  property  of  fixing  manures  is  not  more  important  in  marl, 
than  that  of  destroying  acids.  The  unproductiveness  of  our  lands 
arises  not  so  much  from  the  absence  of  food  as  the  presence  of 
poison.  We  are  so  much  accustomed  to  see  a  luxuriant  and  rapid 
growth  of  pines  cover  land  on  which  no  crop  can  thrive,  that  we 
cannot  readily  see  the  impropriety  of  calling  such  a  soil  absolutely 
barren. 

"  From  the  circumstance  of  this  soil  being  so  congenial  to  the 
growth  of  pine  and  sorrel  (both  of  which  are  acid  plants),  it  seems 
probable  that  it  abounds  in  acidity,  or  acid  combinations,  which 
(although  destructive  to  all  valuable  crops)  are  their  food  while 
living,  and  product  when  dead.  The  most  common  forest  trees  are 
furnishing  the  earth  with  poison  as  liberally  as  food,  while  it  depends 
entirely  on  the  presence  of  the  antidote,  whether  one  or  the  other 
takes  effect.  I  have  observed  a  very  luxuriant  growth  of  sorrel  on 
land  too  poor  to  support  vegetables  of  any  kind,  from  green  pine 
brush  having  been  buried  to  stop  gullies ;  and  it  is  well  known  how 
much  land  on  which  pines  have  rotted  is  infested  with  this  perni- 
cious plant.  Marl  will  immediately  neutralize  the  acid,  and  this 
noxious  principle  being  removed,  the  land  will  then  for  the  first 
time  yield  according  to  its  actual  capacity.  Sorrel  will  no  longer 
be  troublesome;  and,  by  a  very  heavy  covering,  I  have  known  a 
spot  rendered  incapable  of  producing  it,  although  the  adjoining 
land  was  thickly  set  to  the  edge.  Pines  do  not  thrive  on  shelly 
land,  whether  fertile  or  exhausted.  To  this  cause  I  attribute  the 
great  and  immediate  benefit  I  derived  from  marl  on  new  ground. 
The  acid  produced  by  the  pine  leaves  is  destroyed,  and  the  soil  is 
capable  of  supporting  much  heavier  crops,  without  being  (as  yet) 
at  all  richer  than  it  was."  ******* 
—  Communication  to  Prince  George  Agricultural  Society,  1818. 

Before  proceeding  to  state  later  experiments,  and  general  prac- 
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tice  and  results,  it  will  be  necessary  to  recur  to  some  other  con- 
nected branches  of  the  subject.  The  reader  will  pardon  the  apparent 
digression. 

Bo  well  established  and  general  has  the  opinion  now  become  that 
this  marl  is  a  manure,  and  a  most  valuable  one,  that  it  may  seem 
strange  that  I  should  have  only  arrived  at  such  an  opinion  indirectly, 
by  the  train  of  reasoning  indicated  above.  There  were  hundreds  of 
persons  who  afterwards  said,  "  Oh  !  F  never  doubted  that  marl  was 
a  good  manure ;"  but  not  one  of  whom  had  been  induced  before  me 
to  try  its  operation.  But  passing  by  these  postponing  believers, 
and  all  others  who  confessedly  never  attached  any  value  to  this 
great  deposit,  it  may  require  explanation  why  I  had  not  learned  its 
value  from  English  works  which  treat  so  extensively  on  marl,  even 
though  I  had  then  had  access  to  but  few  of  them.  It  was  precisely 
because  I  had  read  attentively  some  of  the  English  accounts  of 
marl  that  I  was  deterred  from  using  our  marl,  which  agreed  with 
it  (apparently)  in  nothing  but  name.  Struck  with  the  importance 
attached  to  marl  in  England,  I  had  earnestly  desired  to  find  it,  and 
had  searched  for  it  in  vain,  years  before  the  early  beginning  of  my 
farming.  The  name  induced  a  close  examination  of  what  was 
called  marl  here;  but  the  "soapy  feel,"  the  absence  of  grit,  the 
crumbling  and  melting  of  lumps  in  water,  &c.,  which  were  the  most 
distinguishing  characteristics  of  the  marl  of  the  English  writers, 
were  in  vain  looked  for  in  our  shell  beds — of  which  the  earth  was 
generally  sandy,  never  "  soapy,"  and  of  which  the  lumps  were  often 
of  almost  stony  hardness,  and  if  not,  at  least  showed  nothing  of  the 
melting  disposition  of  the  English  marls.  I  had  before  this  found, 
however,  in  the  American^ edition  of  the  "  Edinburgh  Encyclopae- 
dia," more  modern  and  correct  views  of  marl,  and  had  thereby 
learned  to  prize  calcareous  matter  in  general  as  an  ingredient  of 
soil,  whether  natural  or  artificial.  But  even  admitting  that  the 
shelly  portion  of  our  marl  would  slowly  decompose,  and  gradually 
furnish  some  manure  to  the  soil,  still  it  seemed  that  there  was  little 
prospect  of  its  operating  as  the  English  marl,  of  such  very  difierent 
texture  and  qualities.  I  then  supposed  that  the  shells  which  had 
resisted  decomposition,  even  where  exposed  on  the  surface  of  the 
beds,  for  centuries,  would  be  as  slow  to  dissolve,  and  to  act  as  ma- 
nure, if  laid  upon  the  fields.  Still,  notwithstanding  these  grounds 
of  objection,  the  general  idea  of  the  value  of  calcareous  manures 
would  have  induced  me  earlier  to  try  fossil  shells,  but  for  being 
deterred  therefrom  by  the  only  actual  facts  then  known  of  the  use. 
When  speaking  of  my  thought  of  trying  marl  to  my  friend  Mr. 
Thomas  Cocke,  he  told  me  that  it  was  not  worth  the  trouble ;  that 
he  (attracted  merely  by  the  name  of  "  marl"),  had  made  several 
small  applications,  in  1803,  on  soils  of  difi'erent  kinds,  and  that  he 
had  found  almost  no  visible  benefit ;  and  he  had  attached  so  little 
36 
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importance  to  the  trial,  that  he  had  never  thought  to  mention  it  to 
me,  until  induced  by  my  remark.  This  communication  was  enough 
to  check  my  then  slight  disposition  to  try  marl.  The  old  experi- 
ments of  Mr.  Cocke,  as  well  as  some  much  older,  heard  of  after- 
wards, and,  like  his,  considered  worthless  by  the  makers  and  almost 
forgotten,  are  stated  at  page  115  of  this  edition  of  the  "Essay  on 
Calcareous  Manures." 

As  soon  as  I  was  satisfied  that  I  had  found  in  marl  a  remedy  for 
the  general  and  fixed  disease  of  our  poor  lands,  it  became  very 
desirable  to  know  the  strength  of  different  beds,  and  of  the  different 
parts  of  the  same  bed.  The  rules  of  Davy  for  determining  the  pro- 
portion of  carbonate  of  lime  were  easy  to  apply;  and  having  pro- 
vided myself  with  the  necessary  tests  and  other  means,  I  was  soon 
enabled  to  analyze  the  specimens  with  ease  and  accuracy.  This 
was  a  delightful  and  profitable  direction  of  my  very  small  amount 
of  chemical  acquirements,  and  served  to  stimulate  to  further  study. 
The  amount  of  my  knowledge  was  indeed  very  small — and  is  still 
so,  with  all  later  acquirements  added.  But  little  as  I  had  been 
enabled  to  learn  of  chemistry,  the  possession  led  me  to  adopt  my 
views  of  the  constitution  of  soils,  and  enabled  me  to  double  the 
product,  and  to  much  more  than  double  the  clear  profit  and  pecu- 
niary value  of  my  land,  in  the  course  of  a  few  years  thereafter. 

Though  my  own  doubts  as  to  the  propriety  and  profit  of  marling 
had  been  removed  by  my  first  experiments,  it  was  not  so  with  my 
neighbours.  Induced  by  my  example,  small  applications  were  in- 
deed made  by  two  of  them  only,  in  the  next  year  after  my  first  trial. 
But  either  because  the  land  had  been  kept  too  much  exhausted  of 
its  vegetable  matter  by  grazing  as  well  as  by  cropping,  or  because 
the  experimenters  could  not  think  of  the  operation  of  the  manure 
as  different  from  that  of  dung,  or  stable  manure,  or  for  both  these 
reasons,  it  is  certain  that  they  -vjeve  not  encouraged  by  the  results 
to  persevere.  They  stopped  marling  with  their  first  trial,  until 
several  years  after,  when  both  recommenced,  then  fully  convinced 
of  the  benefit  by  my  results,  and  were  afterwards  among  the  largest 
and  most  successful  early  marlers.  One  of  these  persons  was  the 
late  Edward  Marks,  of  Old  Town,  and  the  other  my  old  friend 
Thomas  Cooke — who,  though  he  had  led  me  to  find  out  the  disease, 
could  not  himself  be  speedily  convinced  of  its  true  nature,  or  of  the 
value  of  the  remedy.  As  late  indeed  as  1822,  when  he  walked 
with  me  to  an  enormous^excavation  which  I  was  then  making  in 
uncovering  and  carrying  out  marl,  he  said  to  me,  "In  future  time, 
if  marling  shall  then  have  been  abandoned  as  unprofitable,  this 
place  will  probably  be  known  by  the  name  of  'Kufiin's  Folly.'" 
For  some  years,  my  marling  was  a  subject  for  ridicule  with  some 
of  my  neighbours;  and  this  was  renewed,  when  in  after-time  the 
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great  damage  caused  by  improper  applications  began  to  be  seen,  and 
which  will  be  described  in  due  order. 

Having  had  in  view  from  the  beginning  the  true  action  of  marl, 
and  fully  believing  that  its  good  effects  would  be  permanent,  and 
even  increasing  with  time  under  a  proper  system  of  tillage,  I  was 
no  more  discouraged  by  what  some  deemed  small  profits,  than  I 
was  annoyed  by  the  incredulity  and  ridicule  of  other  persons.     Al- 
most all  the  farms  in  the  neighbourhood,  except  mine,  were  re- 
gularly and  closely  grazed  when  not  under  a  crop,  and  of  course 
they  had  not  stored  up  in  the  soil  much  either  of  inert  vegetable 
matter,  or  its  acid  product.     Mine  had  not  been  grazed  since  1814, 
and  had  been  rested  two  years  in  every  four ;  and  the  poorest  land 
three  years  in  four.     And  though,  in  truth,  no  increased  production 
had  been  obtained  by  this  lenient  treatment,  inasmuch  as  the  in- 
crease of  acid  counterbalanced  the  increase  of  vegetable  food,  still, 
when  marl  was  applied,  the  acid  was  immediately  destroyed,  and 
the  food  left  free  to  act.     The  effect  of  marling  was  generally  shown 
most  plainly  on  the  first  crop  of  corn,  and  the  limits  could  be  easily 
traced  by  the  deep  green  colour  of  the  plants  before  they  were  five 
inches  high ;  and  the  increased  product  of  the  first  crop  on  acid 
soils  rarely  fell  under  50  per  cent.,  was  most  generally  100,  and 
has  been  known  to  be  200  per  cent.     But  even  such  increase  was 
not  satisfactory  to  many  persons,  until  the  action  of  marl  came  to 
be  better  understood,  and  the  permanency  of  the  effects  was  credited. 
In  five  or  six  years  after  my  commencement,  there  were  few  if  any 
of  those  of  my  neighbours,  who  had  marl  visible  on  their  lands, 
who  had  not  begun  to  apply  it.     And  though  it  has  been  injudi- 
ciously as  well  as  insuf&ciently  applied  since,  and  not  one-fourth 
of  the  full  benefit  obtained,  still  the  general  improvement  and  in- 
creased products  of  the  marl  farms  of  Prince  George  have  been 
very  great.     The  existence  of  marl,  too,  which  was  known  at  first 
but  on  a  few  farms  in  my  own  neighbourhood,  has  been  since  dis- 
covered in  many  other  and  remote  parts  of  the  county ;  and  wher- 
ever accessible  it  is  valued  and  used.    The  like  observations  will  now 
apply  to  most  of  the  other  counties  of  lower  Virginia.    Wherever 
the  effects  of  marling  could  be  seen  for  a  few  years,  the  early  in- 
credulity not  only  disappeared,  but  most  persons  were  even  too 
ready  to  believe  in  marl's  possessing  virtues  to  which  it  has  no  claim. 
Thus,  ignorant  or  careless  of  its  true  mode  of  operation,  they  crop 
the  marled  lands  more  severely  than  before ;  and  if  they  are  not 
thereby  soon  reduced  as  low  as  their  former  state  of  sterility,  they 
are  made  to  approach  it  as  nearly  as  possible,  and  at  a  sacrifice  of 
nine-tenths  of  the  profit  from  marling  which  a  more  lenient  and 
judicious  system  of  cultivation  would  have  insured. 

In  1819,  the  second  year  of'  my  operations,  my  marling  was  in- 
creased to  62  acres,  but  most  of  it  at  much  too  thin  a  rate.     lu 


424  CONTINUED   MARLING   LABOURS. 

1820,  only  25  acres  were  covered,  though  at  600  bushels  or  even  more 
to  the  acre.  Up  to  this  time  I  had  done  as  most  other  persons  have, 
that  is,  attempted  to  marl  "  at  leisure  times,"  and  without  making 
it  a  regular  employment  for  a  certain  additional  force,  or  reducing 
the  amount  of  cultivation,  or  of  other  operations  on  the  farm.  No 
person  will  ever  marl  to  much  advantage  who  does  not  avoid  this 
error;  and  this  year's  labours  showed  the  necessity  of  an  alteration. 
The  next  year,  two  horses  and  carts,  with  the  necessary  drivers  and 
pit-men,  were  appropriated  to  marling  at  all  times  when  weather 
permitted,  except  during  harvest,  thrashing,  and  wheat-sowing 
times.  Viewing  marling  too  as  the  most  profitable  operation,  ex- 
cept the  saving  of  a  crop  already  made,  it  was  made  a  fixed  rule  of 
the  farm  that  marling  was  to  be  interrupted  for  nothing  else.  My 
corn  shift  for  that  year  was  reduced  in  size  one-half — so  that  one- 
half  could  be  marled  while  the  other  was  under  cultivation.  By 
these  means,  I  marled  80  acres  this  year,  1821  (and  that  much  too 
heavily),  and  had  all  the  lessened  corn-field  on  marled  land.  ^  The 
product  of  the  half  was  equal  to  what  the  whole  had  brought  before, 
and  I  was  enabled  thereafter  to  have  every  field  marled  over  in 
advance  of  its  next  cultivation.  In  1822,  the  land  marled  was  93 
acres,  100  in  1823,  and  80  in  1824,  which  served  to  cover  nearly 
all  of  the  then  cleared  land  requiring  marling.  The  next  three 
years'  marling  amounted  respectively  to  50  acres,  24  acres,  and  27 
acres,  being  principally  upon  land  subsequently  cleared  and  brought 
into'  cultivation.  Since  theo,  there  has  been  no  marling  on  the 
farm,  except  on  wood-land,  not  yet  cleared,  and  on  small  spots  for- 
merly omitted,  and  of  which  no  account  was  taken.  With  the 
exception  of  such  spots  (and  some  such  still  remain,  because  of  their 
inconvenient  position),  all  the  land  which  was  not  naturally  calca- 
reous, or  too  wet,  or  too  steep  for  carting  on,  had  been  marled  by 
1827 ;  and  none  has  required  any  additional  dose,  though  some  of 
the  thinnest  covered  places  had  been  re-marled  long  before  that  time, 
so  as  to  bring  them  to  a  proper  constitution.     (1842.) 

In  1824,  I  first  observed  (and  had  never  before  suspected  such 
efifect),  the  injury  caused  by  having  marled  acid  soil  too  heavily. 
To  show  my  first  impressions,  I  will  copy  the  words  of  my  farm 
journal,  written  on  the  very  day  on  which  the  discovery  was  fully 
made. 

"  June  13th,  1824.  Observed  a  new  and  alarming  disease  in  a 
large  proportion  of  my  corn ;  and,  what  makes  the  matter  much 
worse,  the  evil  is  certainly  caused  hj  marling.  The  disease  seems 
to  have  commenced  when  the  corn  was  from  6  to  10  inches  high, 
and  to  have  stopped  its  growth.  Its  general  colour  is  a  pale  sickly 
green,  and  the  leaves  appear  so  thin  as  to  be  almost  transparent : 
next,  they  become  streaked  with  rusty  red,  and  then  begin  to  die  at 
the  upper  ends.     Several  pulled  up,  showed  no  defect,  or  injury 
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from  insects,  among  the  roots.  All  the  land  marled  from  pits  Nos. 
7  and  9  (both  yellow)  from  1820  to  1822,  is  so  much  diseased  as 
to  promise  not  more  than  half  a  crop.  The  corn  is  twice  as  large 
as  on  the  spaces  left  for  experiment  without  marl,  yet  looks  much 
worse ;  though  three  weeks  ago  its  superiority  in  colour  and  vigour 
was  even  more  than  in  size.  With  but  few  exceptions,  the  land 
newly  marled  from  the  samo  pits,  and  the  old  marling  from  Nos.  1 
and  8  (both  blue),  as  well  as  that  not  marled,  are  free  from  this 
disease.  The  parts  most  affected  are  those  which  were  driest  and 
poorest,  and  of  course  were  least  covered  with  vegetable  matter. 
Yet  though  the  corn  on  this  old  marling  is  generally  so  bad,  it  is 
yet  evident^  that  the  land  is  more  benefited  by  the  manure  than  at 
first.  Flourishing  stalks  of  corn,  18  to  24  inches  high,  are  seen  fre- 
quently within  a  few  feet  of  those  most  hurt  by  this  disease." 

Subsequently,  when  the  whole  extent  of  injury  could  be  seen, 
the  following  remarks  were  written  in  the  journal,  at  the  date 
below. 

"  October  15th.  The  damage  caused  by  marl  to  this  crop  I  sup- 
pose to  be  about  one-third  of  what  the  land  would  otherwise  have 
made,  judging  from  the  present  and  former  measurements  of  the 
same  land,  where  experiments  were  made. 

"  Nearly  all  the  heavy  marling  in  Finnies  (at  800  biishels),  about 
20  acres,*  suffered  by  it;  the  poorest  and  lightest  most  injured, 
here  and  in  Court-House  field.  The  few  rich  spots  escaped,  as  did 
most  of  the  piece  plastered  (on  the  heavy  marling)  in  1820.  The 
marks  of  this  experiment  were  destroyed,  and  the  superiority  was 
not  so  regular  as  to  enable  me  to  trace  the  outlines  of  the  gypseous 
earth — ^but  an  acre  of  corn  might  be  taken  which  certainly  was 
•plastered,  better  than  any  other  acre  in  the  old  land.  This  at  least 
proves  that  gypsum  contained  [if  any]  in  the  marl  has  not  caused 
the  disease.  The  poor  land,  lightly  marled  in  1819,  showed  but 
little  of  the  disease,  and  none  was  found  in  the  piece  not  marled, 
nor  in  any  marled  since  the  last  crop  [or  now  first  cultivated  since 
being  marled.] 

"In  Court-House  field  the  injury  was  confined  to  19  acres,  the 
poorest  part  of  the  field,  which  was  in  corn  in  1821,"j-  marled  and 
fallowed  1822,  and  in  wheat  1823,  corn  1824.  The  remainder  of 
the  old  land,  which  had  not  been  cropped  so  severely,  and  was 
covered  as  heavily  with  blue  marl,  brought  a  fine  crop,  quite  free 
from  the  disease.  The  new  ground  was  mostly  marled  very  heavy 
(800  bushels  of  45  per  cent.),|  and  this  and  all  my  former  clear- 
ings (some  marled  equally  heavy)  were  also  quite  free.      These 

*  See  Exp.  10,  p.  132,  Essay  on  Cal.  Man. 

t  Exp.  11,  p.  135. 

J  Exp.  1  to  i,  pp.  117 -to  121. 
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facts  satisfy  me  that  it  was  not  the  quality,  but  the  over  quantity 
of  marl  which  has  caused  the  evil ;  and  that  the  land  which  has 
escaped,  owes  its  safety  to  its  containing  more  vegetable  matter- 
I  forgot  to  state  that  on  some  of  the  lightest  spots  of  South  field  the 
wheat  was  much  injured,  though  blue  marl  was  used  there.  , 

"  If  I  had  followed  my  own  advice  to  others,  '  to  put  no  more 
marl  at  first  than  would  but  little  more  than  neutralize  the  soil,  and 
repeat  the  dressing  afterwards,'  this  evil  would  not  have  fallen  on 
me.  The  present  loss  is  not  much ;  but  it  makes  me  expect  the 
same  on  all  similar  land,  marled  as  heavily.  I  shall  endeavour  to 
avoid  it,  by  giving  vegetable  matter  to  the  soil ;  either  'by  manur- 
ing, or  by  allowing  one  or  two  more  years  of  grass  in  the  first  term 
of  the  rotation.  Why  the  quantity  of  marl  applied  should  do  harm 
in  any  case,  is  more  than  I  can  tell ;  but  I  draw  this  consolation 
from  the  discovery — if  a  certain  quantity  (say  500  bushels  per 
acre)  is  too  much  for  present  use  of  the  soil,  it  proves  that  it  will 
combine  with  .more  vegetable  matter,  and  fix  more  fertility  in  the 
soil,  than  I  had  supposed.  That  the  second  crop  should  be  injured, 
and  not  the  first,  is  owing  to  the  unbroken  state  of  the  shells  at 
first,  and,  by  their  being  reduced,  twice  as  much  calcareous  matter 
is  in  action  after  a  few  years." 

Thus  it  will  be  seen,  from  these  entries  made  at  the  time,  that  I 
took  a  correct  view  of  this  great  and  unlooked-for  evil,  and  was  by 
no  means  discouraged,  or  induced  to  lessen  my  efi'orts  in  marling. 
But  in  all  later  operations  on  poor  land,  the  quantity  was  lessened 
from  500  and  600  bushels  (and  even  more  of  the  poorest  marl),  to 
about  300  bushels.  With  this  alteration,  the  operation  was  con- 
tinued with  as  much  zeal  as  before  \  and  also  at  a  later  time  on  an- 
other farm  (Shellbanks)  purchased  afterwards,  and  where  I  marled 
upwards  of  400  acres. 

When  this  injury  was  first  discovered,  about  250  acres  of  very 
similar  land  had  been  marled  so  heavily  that  the  like  mischief  was 
to  be  looked  for  in  the  next  crop,  and  thenceforward,  if  not  guarded 
against.  For  a  more  full  account  of  this  disease,  and  my  opinions 
thereon,  I  must  refer  to  what  has  been  before  published.*  It  is 
sufficient  here  to  say  that  by  pursuing  the  means  there  advised — in 
allowing  more  rest  from  grain  crops,  furnishing  vegetable  matter 
to  the  land,  in  its  natural  cover  of  weeds,  in  clover,  and  in  farm-yard 
manure  so  far  as  the  limited  supply  sufficed — that  no  very  great 
loss  was  subsequently  sufiered,  except  in  the  field  where  the  disease 
was  first  discovered,  and  which  was  marled  in  1819.  This  field 
was  too  remote  and  inconveniently  situated,  to  be  manured  from 
the  barn-yard;  and  from  that  and  other  causes  (including  the 
failure  of  the  first  seeding  of  clover),  that  field  only  still  shows  in- 

*  Essay  on  Calcareous  Maniu-es,  ante,  155. 
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jury  from  marling  in  the  present  crop  (1839);  so  much  diminished, 

however,  that  its  general  average  product  this   year  [18421  is 

,  fully  twice  as  mueh  as  the  land  could  have  brought  before  being 

marled.  '  o      ,  a 


NOTE  V. 

DESCRIPTION  AND  ACCOUNT  OP  THE  DIEEERENT  KINDS  OE  MARL 
AND  OP  THE  GYPSEOUS  EARTH,  OP  THE  TIDE- WATER  REGION  OP 
VIRGINIA. 

Report  to  the  State  Board  of  Agriculture,  by  Edmund  Rnffin, 

Member  and  Corresponding  Secretary  of  the  Board,  made  in 

1842,  and  now  corrected,  altered,  and  enlarged. 

Within  the  last  twenty-five  years  there  have  been  produced  from 
the  application  of  calcareous  manures  more  improvement  and  bene- 
fit, both  agricultural  and   general,  in -lower  Virginia,  than  from 
all  other  means  and  sources,  numerous  and  valuable  as  have  been 
the  agricultural  improvements  made.     And  for  the  latter  half  of 
that  time,  no  one  agricultural  subject  has  been  treated  of  more  at 
length  in  the  publications  of  this  state.     Still,  there  is  much  re- 
quired to  be  known ;  and  it  has  very  of(;en,  and  not  less  so  recently 
than  formerly,  been  required  of  the  writer,  who  has  furnished  to 
the  press  the  larger  part  of  all  that  has  thence  proceeded  on  this 
subject,  to   give  answers   to  inquiries,  which,  however  variously 
worded,  amounted  in  substance  to  the  question,  "  What  is  marl  ?" 
: — or  "  Is  my  marl  (or  whatever  earth  was  so  termed)  good  marl, 
and  likely  to  be  profitable  as  manure  ?"     It  has  therefore  appeared/ 
to  the  writer  that  it  would  be  useful  to  prepare  something  like  a 
natural  history,  or  general  and  full  description  of  the  marls  of  low- 
er Virginia ;  and  also  of  the  kindred  and  yet  very  difierent  mineral 
manure,  the  gypseous  earth,  or  "green-sand"  earth,  concerning 
which  latter  so  much  error  and  delusion  have  been  spread  and  long 
maintained,  and  so  little  of  truth  or  useful  information  derived  from 
the  scientific  sources  generally  respected  as  the  highest  authority. 
The  main  difficulty  in  the  treating  of  this  subject  is  presented  in 
the  outset  in  the  very  term  "  marl,"  which  is  altogether  misapplied 
now  in  this  country,  though  not  so  much  as  it  has  been,  and  per- 
haps still  is  in  England.     Since  this  general  course  of  misapplica- 
tion was  set  forth  by  the  writer  at  length  in  the  "  Essay  on  Calca- 
reous Manures,"  there  have  become  general  in  this  country  still 
other  misapplications  of  this  always  misapplied  term.     Eor  the 
"  green-sand"  earth  of  New  Jersey,  which  before  had  been  called 
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"  marl"  by  illiterate  farmers  only,  has  been  since  received  under 
that  name  by  chemists  and  the  scientific  reporters  of  geological  sur- 
veys ;  and  thus  confusion  has  become  still  "  worse  confounded." 
In  the  following  pages,  I  shall  be  compelled,  as  heretofore,  to  yield 
in  part  to  such  misapplication  of  the  term ;  but  at  the  expense  of 
some  otherwise  useless  repetition,  and  frequent  explanation,  shall 
hope  to  avoid  misleading  readers  as  to  each  of  the  particular  earths 
under  consideration.  And  I  shall  in  no  case  apply  the  term  marl 
to  any  but  a  calcareous  earth,  or  mixture  of  earths,  and  of  which  the 
calcareous  ingredient  or  proportion  of  carbonate  of  lime  is  deemed 
sufficient  to  constitute  the  most  important,  if  not  indeed  forming  the 
only  important  or  appreciable  agent  of  fertilization ;  and  therefore 
I  shall  not  so  designate  either  the  fine  clays  (not  calcareous,  or  very 
slightly  so),  and  formerly,  if  not  now,  called  marl,  in  England,  or 
the  green-sand  earths  of  New  Jersey,  Delaware  or  Virginia,  when 
containing  very  little  or  no  carbonate  of  lime. 

True  marl,  as  correctly  understood  by  mineralogists,  is  a  fine 
calcareous  clay,  containing  very  little  silicious  sand,  and  none  coarse 
or  separate ;  of  firm  texture — not  plastic,  or  very  adhesive ;  does 
not  bend  under  pressure,  but  breaks  easily,  and  after  being  dried, 
the  lumps  speedily  crumble  when  immersed  in  water.  It  is  man- 
ifest, from  its  laminated  appearance  and  fracture,  that  this  true  marl 
had  been  originally  suspended  in  rapidly  flowing  waters,  and  de- 
posited at  the  bottom  by  subsidence,  when -the  waters  became  com- 
paratively still;  as  when  a  rapid  river,  turbid  with  calcareous  clay, 
reached  a  lake.  Thus,  from  its  manner  of  formation,  such  marl, 
however  argillaceous,  was  of  a  texture  very  different  from  the  almost 
pure  or  the  most  tenacious  clays.  The  carbonate  of  lime  also  tends 
to  preserve  an  open  and  mellow  texture  in  true  marls,  disposing  the 
lumps  readily  to  yield  and  crumble,  or  fall  to  powder  or  to  thin 
flakes,  under  atmospherical  influences,  which  would  only  affect  clay 
by  making  it  an  intractable  sticky  mortar  when  wet,  or  lumps  of 
almost  stony  hardness  when  dry.  Moreover,  there  seems  good 
reason  to  believe  that  in  true  marl  there  is  a  chemical  combination 
(and  not  merely  a  mixture)  of  the  argillaceous  and  calcareous  in- 
gredients, induced  by  their  suspension  in  water,  when  the  particles 
of  both  were  in  the  finest  possible  state  of  division,  and  most  inti- 
mate intermixture,  while  so  suspended.  Besides  the  crumbling 
quality  just  stated,  so  different  from  clay,  there  is  a  still  stronger 
reason  for  believing  that  the  calcareous  and  the  silicious  parts  of 
true  marl  are  chemically  combined,  which  is,  as  I  have  found,  that 
they  cannot  be  separated  by  mechanical  means,  such  as  agitation 
and  subsidence  in  water.*     For  the  suggestion  that  the  different 

*The  silex  and  alumina  wMch  compose  the  purest  clay,  are  chemically 
combined  in  the  proportions  of  nearly  65  parts  of  silex  to  35  of  alumina; 
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earthy  parts  of  true  marl  are  in  a  state  of  chemical  combination 
with  each  other,  I  am  indebted  to  the  "  Essaisur  la  Marne,"  of  M. 
Puvis,  which  work,  in  an  abridged  form,  I  translated  .and  published 
in  the  third  volume  of  the  Farmers'  Eegister.  The  author  there 
also  states  that  the  marls  of  Prance  are  principally,  if  not  always, 
of  fr^sh-water  formation,  as  is  shown  by  the  shells  they  contain  be- 
ing either  such  as  belong  to  rivers  and  lakes,  or  to  the  land.  This 
is  different  from  anything  known  in  lower  Virginia ;  all  our  knowa 
marls,  whether  properly  or  improperly  so  termed,  being  deposits 
made  in  a  former  sea,  and  the  shells  being  those  of  sea-animals.* 
But  though  it  is  proper  to  describe  that  which  only  is  truly 
"  marl,"  before  speaking  of  what  is  improperly  so  called,  it  is  also 
true  that  there  is  nothing  to  tell  of  the  use  of  any  true  marl  in 
Virginia,  and  scarcely  of  its  existence  in  the  tide-water  region. — 
I  have  as  yet  seen  it  in  but  few  places,  and  there  in  thin  layers 
only,  and  then  overlying  ordinary  beds  of  fossil  shells,  and  inter- 
mixed therewith. 

and  with  this,  to  constitute  true  marl,  carbonate  of  lime  is  also  combined, 
forming  a  triple  earthy  compound,  or  perhaps  a  quadruple  compound,  if 
including  the  small  proportion  of  oxide  of  iron,  which  is  a  general  or  uni- 
versal constituent  part  of  all  clays. 

*  "  It  may  be  of  some  interest  to  scientific  investigators  to  know  more 
particularly  the  shells  of  these  marls  of  Prance.  In  a  catalogue  annexed 
to  the  original  '  Esaai  sur  la  Marne,'  the  author  names  the  following  shells : 

In  a  marl  sent  from  St.  Trivier — yellowish,  compact,  of  homogeneous  ap- 
pearance, and  coming  to  pieces  finely  and  easily  in  water — 
Land  shell — Turbo  elegans. 
River  shells — Helix  fascicularis,  Helix  vivipajra,  f  Helix  tentacula,  -f  Mya  Pio- 

torum. 

In  a  marl  from  Cuiseaux,  Saone  et  Loire — 
River  shell — Melanopside  (of  Lamarck.) 

In  a  marl  from  Leugny,  in  Yonne — 
Land  shell — f  Chassilie  ridee  (of  Lamarck,  and  Draparoaud,  f  Helix  lubrioa. 

In  a  marl  from  St.  Priest  in  Dauphiny — earthy,  yellowish,  very  easy  to 
crumble  in  water — 
Land  s/«iZ— f  Ambrette  alongee,  of  Lamarck  and  Drapamaud,  f  Helix  hispida. 

In  an  analogous  formation  of  marl,  in  the  basin  of  the  Rhone,  between 
Meximieux  and  Montluel,  the  Helix  striee,  a  land  species,  is  found  in  great 
abundance." 

M.  Puvis  states  that  among  these,  and  among  all  the  species  of  shells 
found  in  the  marls  of  the  basin  of  the  three  great  rivers,  Saone,  Rhone, 
and  Yonne,  there  are  no  remains  of  sea  shells.  All  seem  to  have  been 
formed  under  fresh  water.  "  But  (he  continues)  as  these  marls  contain 
la,nd  shells,  often  in  great  abundance,  we  must  conclude,  that  the  revolution 
which  heaped  up  the  marls,  has  been  preceded  by  a  time  in  which  the  laud 
was  not  covered  by  water,  in  which  the  earth  producing  vegetables,  per- 
mitted the  multipUcation  of  the  species  of  land  shells  which  were  found  in 
these  marls."— -Bssaj  sur  la  Marne,  p.  8  to  p.  24,  and  translation  in  Farmers' 
Register,  iii.,  note  to  p.  692. 

fLiving  species  are  still  found  in  the  same  region  similar  to  those  marked 
thus. 
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This  marl  was  thus  found  in  two  of  my  diggings,  one  on  Coggins 
Point  farm,  and  the  other  at  Shellbanks,  in  Prince  George  county. 
In  both  cases,  though  perfectly  characterized,  the  quantity  of  true 
marl  was  too  small  to  be  used  separately  from  the  more  calcareous 
and  much  thicker  stratum  of  shell  marl  below.  This  true  marl  was 
in  many  horizontal  layers,  few  of  which  were  severally  more  than  an 
inch  in  thickness,  separated  by  other  layers,  sometimes  very  thin, 
of  almost  pure  shells,  broken  very  small,  with  some  only  of  the 
very  smallest  entire.  The  pure  argillaceous  marl  is  blue  (though 
sometimes  of  buff  colour),  firm  and  compact,  breaks  easily,  but  does 
not  bend  however  moist,  and  is  cut  smooth  by  a  knife,  leaving  a 
surface  like  that  of  hard  soap.  This  marl  contained,  in  the  argilla- 
ceous part,  free  from  the  shelly  parts,  only  10  per  cent,  of  calca- 
reous matter.  Several  other  specimens,  from  other  localities  in  the 
same  region,  were  about  the  same  strength.  Therefore,  even  if 
more  plenty,  there  would  seem  to  be  no  inducement  to  use  our  true 
marl  where  the  beds  of  fossil  shells,  called  marl,  and  usually  so 
much  richer  in  calcareous  matter,  can  be  drawn  from.  But  in  Eu- 
rope, clay  marl  is  reported  as  rich  as  40  to  60  per  cent,  of  calca- 
reous matter,  and  indeed  richer,  gradually  running  into  lime-stone 
or  impure  chalk.* 

But  though  it  is  proper  to  know,  a,nd  to  bear  in  mind,  what  is 
understood  by  the  term  marl,  by  mineralogists,  and  by  the  best  in- 
formed English  and  French  agricultural  writers,  in  regard  to  the 
extensive  marlings  in  those  countries,  yet  it  is  necessary  in  Virgi- 
nia to  conform  generally  to  the  usage  which  gives  the  name  of  marl 
to  all  earths  largely  mixed  with  fossil  shells,  or  their  fragments ; 
and  as  the  term  is  so  far  improperly  extended,  I  would  carry  it  still 
farther,  and  make  it  embrace  all  natural  calcareous  earths  not  of 
stony  hardness.  This  arrangement  then  would  indeed  include  true 
marl,  but  merely  as  one  class,  and  that  one  the  least  noticeable  for 
abundance  or  value  of  all  in  this  country.  The  following  scheme 
of  classification  will  conform  to  this  view,  and  serve  to  make  more 
clear  the  descriptions  that  will  follow  : — 

*Sucli  cases  as  are  named  above  can  scarcely  be  deemed  exceptions  to 
the  entire  non-existence  of  true  marl  in  this  region.  These  limited  de- 
posits were  doubtless  formed  by  the  abrading,  stirring  up,  and  suspension 
of  the  upper  part  of  the  beds  of  shelly  earth,  by  some  strong  current  or 
agitation  of  the  sea,  and  the  subsequent  deposition  of  the  finest  parts  in 
tranquil  water.  The  small  shells  and  shelly  powder  sometimes  seen  be- 
tween these  layers  of  clay  marl,  were  brought  and  deposited  during  other 
intervals  of  more  agitated  water.  I  have  often  seen  such  deposits  of  per- 
fect true  marl,  artificially  produced,  in  the  small  open  drains  of  marl-pits 
(of  our  fossil  shells),  by  the  gradual  settling  of  the  suspended  fine  earthy 
matters  from  the  turbid  water. 
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I.  stony 
texture. 


1.  Lime-stone  proper. 

2.  Marl-stone. 

8.  Eecent  oyster  or  other  hard  shells. 


'  ffi.  Sandy  mi- 
ocene  marl. 


(1.  Chalk. 

2.  Impure  chalk. 

3.  Travertin  or  calcareous  tufa. 

4.  Argillo-calcareouB  marl,  or  true 

marl  (of  mineralogists). 


11.  Earthy 
texture, 
or  marl  in 
general 
and  in 
most  ex- 
tended 


6.  SheUy  sea-sand. 


_6.  Shell-marl. 


A.  Fossil 

fresh-water 

shells. 


B.  Tertiary 
fossil  sea- 
shells. 


g 


"4 


b.  Clayey  mi- 
ooene  marl. 


c.  Calcareous 
eocene  marl, 
■with  very  lit- 
tle if  any 
green-sand. 


d.  Calcareous 
matter  and 
green-sand, 
both  consi- 
derable. 


!.   Gypseous 
or  green- 
sand  earth, 
with  little  if 
any  calca- 
reous matter. 
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This  plan  of  classifieation  has  reference  to  the  agricultural  or 
manuring  characters  only  of  the  substances  named.  Those  which 
do  not  come  under  the  head  of  marl,  in  the  extended  sense  adopted 
above,  and  which  are  not  important  in  Virginia,  will  be  dismissed 
with  but  slight  notice. 

The  general  and  very  comprehensive  term  calx  is  here  used  to 
include  every  natural  (or  indeed  artificial)  formation  of  earth,  stone, 
or  shells,  separate  or  in  mixture,  in  which  carbonate  of  lime  is  a 
considerable  and  the  most  important  part.  All  such  substances  be- 
long to  one  or  the  other  of  the  two  great  divisions — I.,  of  stony  hard- 
ness, and  II.,  of  softer  or  earthy  texture. 

I.  The  stony  bodies  require  to  be  burnt  to  quick-lime,  to  be 
used  profitably  as  manure.  Such  are,  1,  compact  or  ordinary  lime^ 
stones ;  2,  marl-stone,  or  the  hardest  and  largest  stony  nodules  or 
continuous  layers  in  softer  marl ;  and  3,  oyster  or  other  recent  and 
hard  shells. 

II.  The  calcareous  substances  of  earthy  texture,  soft  enough  to 
be  used  as  manures,  without  being  reduced  by  calcination,  all  come 
under  the  general  and  extended  term  marl,  as  here  used.  The 
most  important  substances  to  be  included  under  this  head,  are  the 
following : — 

1.  Chalk  proper  (nearly  pure  carbonate  of  lime),  such  as  is 
abundant  in  parts  of  England  and  France,  is  said  by  geologists  not 
to  exist  in  North  America.  But  there  is  what  may  be  deemed,  in 
agricultural  sense,  an  impure  chalk,  (2,)  which  spreads  over  or  un- 
der an  immense  extent  of  this  continent.  This  is  in  Alabama  and 
Mississippi  called  "  rotten  limestone."  It  underlies,  in  beds  of  se- 
veral hundred  feet  of  thickness,  large  portions  of  these  states,  and  of 
Florida  and  Arkansas ;  much  of  Texas,  and,  as  I  believe,  most  of 
the  vast  prairie  region  between  the  Mississippi  river  and  the  Kocky 
Mountains.  This  earth,  so  far  as  known  to  me  by  specimens  only, 
is  composed  of  carbonate  of  lime  principally,  but  with  some  20  to 
35  per  cent,  of  clay.  It  is  of  a  dingy  whitish  colour  when  dry;  has 
about  the  degree  of  hardness  of  chalk,  to  which  this  earth  approaches 
more  nearly  in  composition,  texture,  and  colour,  than  to  either  lime- 
stone or  to  true  marl.  It  may  be  inferred  from  the  words  of  de- 
scription in  Fremont's  Report,  that  this  is  the  earth  which  forms 
the  great  region  through  which  part  of  the  river  Platte  passes,  and 
which  is  found  from  the  lowest  visible  depths  to  the  summits  of  the 
crumbling  cliffs,  some  of  which  are  many  hundreds  of  feet  high,  so 
remarkable  along  the  banks  of  that  river.  I  further  infer  that  it  is 
this  chalky  and  highly  calcareous  character  of  the  surface-soil  and 
sub-soil  which  renders  this  region  generally  so  barren,  and  usually 
so  destitute  of  water ;  while  the  continual  crumbling  of  the  banks  of 
the  same  barren  earth  into  the  river,  and  the  earth  being  carried 
down  by  the  floods,  intermixed  with  other  suspended  earths,  and 
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finally  deposited  upon  the  lands  flooded  by  the  Mississippi,  serve  to 
constitute  the  wonderfully  fertile  borders  of  that  river. 

3.  Travertin,  or  calcareous  tufa,  is  another  subject  of  the  many 
provincial  and  improper  applications  of  the  term  marl.  It  is  the 
deposit  made  by  the  precipitation  of  carbonate  of  lime  from  its 
previous  solution  in  lime-stone  water.  The  rain-water,  in  falling 
through  the  atmosphere,  absorbs  carbonic  acid;  which  impregnation 
enables  water  to  dissolve  and  hold  in  solution  carbonate  of  lime, 
with  which  the  water  meets  in  abundance  in  lime-stone  regions. 
Thus  the  springs  and  streams  of  lime-stone  water  are  produced. 
But  the  carbonic  acid  absorbed  by  the  water  is  retained  with  but 
little  force,  and  parted  with  to  the  atmosphere  very  easily.  This 
occurs  wherever  the  wafer,  so  charged,  is  in  contact  with  the  at- 
mosphere ;  and  consequently  the  more  in  proportion  to  the  exposure 
of  its  surface  by  the  agitation  of  the  w^ter.  Hence,  at  rapids  and 
cascades  of  lime-stone  streams,  this  precipitation  is  always  found 
most  abundant;  and  sometimes  in  immense  quantity.  It  is  prin- 
cipally of  carbonate  of  lime  (about  70  or  75  per  cent,  in  the  trials 
I  have  made),  of  cellular  and  open,  though  hard  consistence,  when 
of  newest  formation,  and  not  difiSoult  to  reduce ;  and  much  more 
loose  and  soft  in  other  cases.  This  deposit  will  be  found  the  cheapest, 
and  also  a  very  rich  calcareous  manure  (though  never  yet  used,  to 
my  knowledge),  for  the  neighbouring  lands.  It  is  the  product  only 
of  lime-stone  streams,  either  ancient  or  existing. 

4.  Argillo-calcareous  marl,  or  true  marl,  has  already  been  de- 
scribed, as  to  its  texture  and  constitution.  This  marl  is  not  pro- 
perly shelly,  though  shells  may  be  accidentally  intermixed  duririg 
the  deposition.  Nor  can  any  coarse  or  separate  sand  belong  to  it, 
nor  any  other  coarse  and  heavy  matters,  which  would  not  remain  sus- 
pended in  water  flowing  with  but  a  moderate  current. 

This  true  marl  is  formed  by  the  washing  away  and  suspension 
of  calcareous  and  other  earth  in  the  waters  of  transient  land 
floods  of  rain-waters,  or  of  rapid  rivers  and  smaller  streains.  The 
finer  parts  only  of  the  different  earths  can  remain  long  suspended 
in  the  flowing  waters,  after  the  current  ceases  to  be  violent.  These 
finest  parts  of  all,  aluminous  and  silicious  as  well  as  calcareous,  are 
most  intimately  mixed,  and  chemically  combined,  while  suspended ; 
and  finally  are  deposited  in  the  form  and  quality  of  marl,  when 
reaching  a  lake,  or  other  comparatively  still  part  of  the  water.  Of 
course  no  such  marl  bould  have  been  formed  unless  the  source  of 
original  supply  of  materials  existed,  and  also  the  manner  of  abra- 
sion, transportation,  and  subsidence ;  and  no  such  source  of  calca- 
reous earth  could  be  presented  except  in  higher  chalk  or  chalky 
beds,  or  otherwise  highly  calcareous  soils  and  sub-soils.  Compact 
lime^stone  alone,  no  matter  how  abundant,  because  of  its  hardness, 
could  scarcely  serve  as  a  source  of  supply.  It  follows,  that  such 
37 


434  SHELL   SAND — PRESH-WATER  SHELL   MAEL. 

marl  may  be  presumed  to  have  been  found  and  to  exist  in  tLe 
places  of  ancient  lakes,  or  other  still  waters,  in  all  chalk  regions — 
in  the  vast  "  rotten  lime-stone"  and  prairie  region  of  the  southern 
and  western  (or  interior)  parts  of  North  America — rarely,  if  ever, 
in  our  mountain  lime-stone  region,  and  certainly  never  in  our  tide- 
water region.  The  calcareous  beds  of  the  tide-water  region  have 
entirely  a  different  origin,  having  been  originally  deposited  or 
formed  and  grown  on  the  bottom  of  the  ancient  ocean,  and  since 
upheaved  to  their  present  higher  elevation.  And  it  would  be  as 
useless  to  search  for  the  latter  formation  in  the  higher  country. 
Hence,  the  geological  character  of  any  region  will  indicate  very 
accurately  whether  either  one,  and  which  of  these  kinds  of  marl, 
or  neither  of  them,  can  be  found. 

I  5.  Sea-sand  is  used  to  great  advantage  as  manure  in  some  parts 
of  Prance,  and  Britain  and  Ireland.  A  large,  and  sometimes  the 
larger  part  of  this  sand  consists  of  finely  reduced  shells,  rubbed  to 
granular  state  by  the  power  of  the  waves ;  and  this  calcareous  in- 
gredient is  the  all-important  fertilizing  part  of  this  manure,  though 
its  operation  and  even  its  presence  may  be  sometimes  unknown  to 
the  ignorant  users.* 

6.  Shell  marl  may  be  divided  into  (A)  fossil  fresh-water  shell 
marl,  and  (B)  fossil  sea-shell  marl. 

A.  The  first  of  these  kinds  is  what  is  usually,  if  not  always, 
understood  by  the  name  "  shell  marl"  by  English  writers.  It  is 
formed  by  the  gradual  accumulation  of  the  shells  of  small  fresh- 
water shell-fish,  of  existing  species,  on  the  bottoms  of  the  shallow 
lakes  and  ponds  where  the  animals  had  lived  and  died.  When  the 
bottom  had  been  raised  by  this  long-continued  accumulation,  and 
perhaps  increased  by  like  deposits  washed  from  higher  sources, 
nearly  to  the  level  of  the  surface  of  the  water,  then  water-plants 
began  to  grow  and  to  form  a  new  accumulation  of  vegetable  matter, 
intermixed  with  the  continuing  deposits  of  earthy  matter  from 
occasional  turbid  fioods.  Finally,  by  these  means,  the  lake  was 
changed  to  a  peat-bog,  wet  and  miry,  though  usually  free  from 
standing  water.  It  is  usually  under  peat,  and  sometimes  at  con- 
siderable depths,  that  this  peculiar  and  very  rich  calcareous  manure 
is  found.  It  is  almost  pure  carbonate  of  lime.  It  has  been  sold 
in  Scotland  by  the  bushel,  at  a  high  price,  and  in  great  quantity, 
for  manure."!" 

*  A  notice  of  the  Englisli  sand,  showing  old  opinions  of  its  value  and 
operation,  was  quoted  at  page  381  of  this  Essay. 

f  In  the  Edinburgh  Farmers'  Magazine,  vol.  iv.  p.  153,  there  is  an  inte- 
lesting  article  (most  of  which  was  republished  in  the  Farmers'  Kegister, 
vol.  i.  p.  90),  describing  a  large  body  of  this  kind  of  shell  marl,  under 
Eesteneth  peat-moss,  Forfar,  Scotland.     Most  of  the  shells  are  of  the  wa- 
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This  formation  has  been  found  in  Vermont,  in  western  New- 
York,  and  probably  exists  in  many  parts  of  all  the  other  northern 
states.  _  I  hav^never  heard  of  its  existence  in  Virginia,  but  infer 
that  It  is  to  be  found  in  the  western  and  mountainous  region  It 
may  be  sought  for  with  the  greatest  probability  of  success,  in 
regions  where  ancient  laies  or  pools  had  been  filled  by  gradual  de- 
positions—and especially  if  such  waters  had  been  impregnated  by 
carbonate  of  lime,  affording  abundant  supply  of  material  for  the 
shells  of  the  animals.  A  cool  and  moist  mountain  region  also 
favours  the  formation  of  peat.  The  presence  of  this  substance  is 
connected  with  that  of  such  shelly  deposits  below  only  so  far  as 
this :  that  the  collections  of  waters  which  would  produce  and 
finally  be  filled  up  by  the  gradual  deposition  of -shells,  in  such  a 
climate,  would  be  most  apt  to  invite  the  formation  of  peat  subse- 
quently. Therefore,  under  peat,  if  in  hollows,  the  deposits  of  such 
shell  marl  are  most  likely  to  be  found. 

B.    Tertiary  fossil  sea-shell  Marl. 

The  second  division  of  shell  marl  is  the  great  and  almost  only 
marl  of  the  tide-water  region  of  Virginia — and  also  of  Maryland, 
the  Carolinas,  and  Georgia.  It  was  produced  by  the  gradual  depo- 
sition and  accumulation  of  the  shells  left  by  the  animals,  mostly  of 
species  now  extinct,  which  had  lived  and  died  in  them,  on  the  bot- 
tom of  the  ancient  ocean.  This  former  bottom  of  the  ocean  was 
subsequently  elevated,  by  some  great  convulsion  of  the  earth,  much 
above  the  original  level,  and  generally  much  higher  than  the  sur- 
face of  the  ocean  waters.  Thus,  these  wide-spread  beds  of  shells, 
with  the  various  admixtures  of  sand,  clay,  or  pulverized  shells, 
brought  by  currents,  or  the  force  of  the  waves,  became  high  land; 
and  the  different  conditions  and  qualities  are  such  as  might  be  in- 
ferred from  the  different  operations  of  the  original  producing 
causes,  with  the  additional  aid  of  a  subsequent  state  of  rest  for 
countless  ages.  After  the  production  and  accumulation  of  these 
beds  of  shells,  to  depths  varying  with  circumstances,  a  mighty 
flood,  proceeding  from  the  direction  of  the  present  higher  lands, 
swept  over  this  great  region,  washing  off  and  carrying  away  much 
of  the  higher  parts  of  these  shelly  beds,  and  then  covering  the  re- 
mainder with  the  drift  of  various  earths  brought  and  deposited  by 
this  great  land  flood.  Thus  the  beds  of  fossil  sea-shells  are  gene- 
rally thin  in  lower  Virginia,  and  entirely  wanting  in  many  and 
wide  intervals ;  and  are  mostly  covered  by  a  far  greater  thickness 

ter  snail  (helix  putris,  Linnseus),  others  are  bivalvea  (generally  telUna,  ani- 
mal tethys,  Lin.)  From  this  deposit,  the  proprietor  had  sold  as  much  for 
manure  as  brought  him  £12,000  sterling,  in  the  twelve  years  after  its  use 
had  been  begun. 
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of  layers  of  drifted  and  barren  sands  or  clays,  or  both,  with  a  sur- 
face-soil usually  poor  and  thin.,  Farther  south,  the  denuding  and 
destructive  power  of  this  flood  was  so  much  less,  that  the  shell 
bed  is  left  several  hundred  feet  in  thickness.  In  Virginia,  the  re- 
maining bed  is  in  most  cases  less  than  fifteen  feet  in  thickness, 
and  rarely  much  more. 

As  there  is  good  reason  for  believing  that  all  the  present  great 
tide-water  region  of  the  countries  last  named  was  formerly  the 
bottom  of  the  ocean,  for  an  immense  length  of  time,  we  may  in- 
fer that  the  whole  was  originally  covered,  to  greater  or  less  depth, 
with  a  continuous  bed  of  shells.  Wherever  this  formation  is  now 
wanting,  it  must  have  been  removed  by  the  subsequent  washing 
flood,  previous  to  its  later  action  of  depositing  the  enormous  bed 
of  drifted  earth,  which  overlies  the  shells,  or  their  former  place. 

The  fossil  shell  beds  of  Virginia,  which  will  be  the  main  subject 
to  be  treated  of  here,  may  be  again  conveniently  divided,  for  de- 
scription and  observation,  into  two  kinds,  of  (B  1)  Miocene,  and 
(B  2)  Eocene.  These  terms  (with  others)  were  introduced  by 
Professor  Lyell,  and  designate  the  formations  of  different  geologi- 
cal eras.  As  they  are  now  of  general  acceptation  by  geologists, 
and  also  are  generally  understood  by  agricultural  readers,  these 
terms  will  be  convenient,  and  will  be  here  .used  to  designate  the 
different  marls  to  which  they  belong.  If  the  difference  between 
these  two  kinds  were  merely  geological,  or  in  regard  to  comparative 
ages  of  formation,  or  to  the  respective  fossils  of  each,  it  would  be 
useless  to  preserve  it  in  writing  on  agriculture,  however  marked  the 
difference,  and  however  interesting  to  the  geologist.  But  there  is 
also  a  difference  of  agricultural  character  and  value  in  these  two 
kinds  of  marl.  In  relation  merely  to  each  other,  the  terms  eocene 
and  miocene  may  be  sufficiently  understood  as  the  older  and  newer 
formations.  But  it  will  not  do  as  well  to  substitute  the  latter 
terms,  because,  though  correct  as  to  each  other,  they  are  not  so 
generally,  or  in  relation  to  other  marls  and  geological  formations. 
For  there  are  some  (of  secondary  formation)  much  older  than  the 
eocene,  and  others  (older  and  newer  pliocenes  and  post-pliocene) 
much  more  recently  formed  than  the  miocene.  With  neither  of 
these  is  it  necessary  to  encumber  this  report,  by  other  than  slight 
notice,  as  neither  are  known  in  Vii'ginia ;  nor  elsewhere  do  they 
present  important  differences  of  agricultural  character  and  qualities. 

The  different  periods  of  time  of  these  two  different  deposits  of 
shells  were  very  remote  from  each  other,  and  the  latest  of  them 
was  also  very  remote  from  the  present  time.  In  the  miocene  marl 
of  Virginia,  or  later  of  the  two,  of  the  numerous  species  of  shells 
found,  there  are  but  few  kinds  belonging  to  races  of  animals  known 
or  believed  to  be  yet  existing ;  and  in  the  eocene  marl  of  Virginia 
there  are  almost  none  that  now  exist,  and  very  few  that  belong 
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also  tothe  miocene  marls.  According  to  the  highest  geological 
authority,  most  of  the  races  of  animals  whose  remains  formed  the 
latest  as  well  as  the  earliest  of  these  deposits,  were  extinct  before 
the  creation  of  man. 

Although  it  might  be  more  conformable  to  regular  or  scientific 
arrangement  to  commence  a  general  description  with  the  older  and 
lower  deposit,  the  eocene  marls,  yet  it  will  better  suit  the  purpose 
of-  agricultural  instruction  to  reverse  the  order,  by  describing  first 
the  miocene  marls,  as  the  highest  in  the  series  and  the  first  reached, 
and  by  very  far  the  most  abundant  and  extensively  accessible ;  and 
which,  therefore,  though  usually  less  powerful  for  fertilization,  are 
much  the  most  important  to  agriculture  in  Virginia  in  general.  I 
shall  therefore  proceed  first  to  treat  of  the  miocene  marls,  which 
are  the  only  kinds  known  to  me  in  Virginia,  with  the  exceptions 
of  the  two  comparatively  small  districts  of  eocene  marl,  which  will 
be  hereafter  treated  of  in  their  order. 

Miocene  Marls. 

When  my  investigations  and  practical  labours  on  this  subject 
were  commenced,  more  than  twenty-four  years  ago  (in  1818),  the 
existence  of  marl  of  any  kind,  or  rather  its  shells,  obvious  to  the 
sight,  had  been  noticed  in  lower  Virginia  at  but  a  few  places,  where 
naturally  exposed  along  steep  river  banks,  and  where  cut  through 
by  deep  ravines,  and  thus  rendered  conspicuous ;  and  the  deposit 
was  supposed  to  be  very  limited,  by  the  few  persons  who  had  ever 
cast  a  thought  upon  the  subject.  But  the  attention  and  observa- 
tion subsequently  directed  to  the  search,  soon  showed  that  the 
quantity  was  very  far  more  extensive ;  and  now,  though  not  gene- 
rally near  the  surface  of  the  earth,  nor  everywhere  accessible,  it 
seems  probable  that  beds  of  fossil  shells  underlie  much  the  greater 
part  of  all  the  region  between  the  falls  of  the  rivers  and  the  sea- 
shore. Except  at  or  near  the  places  where  exposed  on  the  surface, 
as  above  mentioned,  the  overlying  (drift)  earth  is  generally  20  or 
30  and  sometimes  even  50  feet  thick.  All  the  marl-beds  appear  to 
be  nearly  horizontal,  and  of  course  are  the  most  deeply  covered 
imder  the  highest  lands,  and  are  most  easily  accessible  in  low  de- 
pressions. The  deposit  dips  gently  towards  the  east,  so  that  it  lies 
too  deep  to  be  visible  near  the  sea-coast.  At  Norfolk,  the  marl 
has  been  recently  reached,  in  boring  deep  for  water,  at  ,40  feet  be- 
low that  low  surface,  and,  of  course,  much  below  the  sea. 

The  marl  is  formed  by  the  deposit  and  gradual  accumulation  of 
sea-shells,  mostly  left  where  the  animals  died ;  and  the  vacancies 
between  the  shells  were  filled  by  the  sand  or  clay,  or  mixtures  of 
both,  with  fragments  of  older  shells,  brought  by  tide  and  currents, 
and  deposited  in  what  was  then  the  bottom  of  the  sea.  The  're- 
markably perfect  state  of  preservation  of  many  very  thin  and 
37* 
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always  fragile  shells,  and  still  more  tlie  many  pairs  of  bivalve  shells 
that  yet  are  found  connected  or  in  contact,  prove  that  such  shells 
could  not  have  been  transported,  or  even  much  agitated,  by  the 
force  of  the  water.  But  other  beds  of  marl,  and  also  frequently 
the  upper  layers  of  such  as  have  been  just  referred  to,  show  as 
clearly  the  action  of  currents,  or  of  water  in  violent  and  long-con- 
tinued motion,  which  served  to  grind  down  the  shells  to  small 
fragments,  and  which  also  left,  in  shaping  the  surface  of  the  marl, 
the  marks  of  whirlpools  or  other  violent  disturbance.  From  such 
supposed  causes  might  be  expected  such  effects  as  many  of  the 
various  marl-beds  actually  exhibit.  In  different  places,  and  some- 
times in  the  same  place,  the  shells  and  their  fragments  are  found 
of  all  sizes,  and  of  all  conditions  of  preservation ;  and  intermixed, 
in  various  proportions,  with  such  clay,  or  fine  sand,  as  might  be 
suspended  in  or  borne  by  currents,  or  waves  of  the  sea ;  so  as  to 
form  beds  of  every  degree  of  texture  and  shade  of  colour.  The 
shells,  and  their  fragments,  or  the  carbonate  of  lime,  are  in 
various  proportions  of  quantity,  from  10  per  cent,  (or  even  less  in 
rare  oases)  to  90  per  cent,  or  more,  of  the  mixture,  or  whole  mass. 
In  different  beds,  and  sometimes  in  contiguous  layers  of  the  same 
bed,  the  shells  are  in  every  state  of  preservation  or  of  decay ;  from 
that  of  being  firm,  and  often  entire  in  their  calcareous  structure, 
and  the  most  delicate  parts  of  their  beautiful  forms  preserved,  to 
that  of  being  mostly  broken  down,  and  almost  reduced  to  a  coarse 
powder,  and  sometimes  even  forming  a  homogeneous  mass  of  still 
finer  particles,  in  which  the  forms  of  but  few  if  any  shells  are  dis- 
tinguishable. The  original  bright  and  various  colours  of  the  shells 
are  lost,  and  they  are  nearly  all  white — a  few  of  the  hardest  kinds 
only  being  brown  or  gray.  The  texture  of  the  mass  also  varies, 
from  a  loose  sand  to  a  firm  body  of  almost  stony  hardness.  The 
earth  intermixed  with  the  shells  fs  generally  much  more  sandy 
than  clayey,  and  more  especially  in  the  poorer  marls.  Even  when 
the  admixture  of  earth  is  clay,  it  rarely  makes  the  marl  appear  the 
least  clayey  in  texture,  or  plastic  or  adhesive,  because  the  clay  is 
usually  but  in  small  proportion  to  the  shelly  matter.  Even  when 
the  proportion  of  clay  is  great,  the  carbonate  of  lime,  according  to 
its  quantity  and  degree  of  reduction,  counteracts  the  tendency  of 
the  clay,  and  prevents  the  mass  being  tough,  adhesive,  or  obdurate. 
The  colour  of  the  miocene  marls  is  also  various — generally  either 
pale  yellow  or  dingy  white,  or  blue,  sometimes  bright,  but  more 
often  a  dull  blue,  or  ash  colour.  The  richest  marls,  of  homogene- 
ous texture,  are  nearly  white  when  dry,  and  approach  in  appear- 
ance to  a  coarse  or  impure  chalk. 

The  shell  marls  of  Virginia  are  confined  almost  entirely  to  the 
tide-water  region,  or' the  space  eastward  of  the  granite  which  forms 
the  falls  of  all  our  eastern  rivers.    But  near  Petersburg  (on  the 


MIOCENE   MAUL.  439 

farm  of  Dr.  'William  I.  Dupuj,  and  oth«r  adjoining  lands)  there 
is  an  exception  to  this  general  rule,  the  marl  being  found  about  a 
mile  farther  west,  overlapping  the  eastern  and  lowest  part  of  the 
granite,  and  passing  under  a  small  stream  which  empties  into  the 
Appomattox,  a  mile  above  the  lowest  falls. 

The  only  important  fertilizing  ingredient  of  the  miooene  marls  is 
the  carbonate  of  lime,  or  shelly  matter.  There  may  be,  and  proba- 
bly is,  some  slight  additional  benefit  sometimes,  from  accidental  or 
peculiar  admixtures  of  other  substances ;  as,  of  animal  matter  still 
remaining,  or,  in  limited  spaces,  the  phosphate  of  lime  supplied  by 
bones  of  large  fish  or  sea  reptiles ;  or  of  vegetable  extract  in  blue 
marls,  of  the  oxide  of  iron,  of  a  very  small  proportion  of  green- 
sand  generally ;  and  even  oif  the  clay  or  the  sand,  respectively  for 
soils  deficient  in  either.  But  either  and  all  of  these  additional  mat- 
ters, though  giving  some  value  as  manure,  are  of  but  little  im- 
portance in  miocene  marls,  in  comparison  to  the  main  and  great 
agent  of  fertilization,  the  shelly  or  calcareous  matter.  According 
then  to  the  greater  or  less  proportion  of  this  main  ingredient,  and 
to  its  state  of  division  or  readiness  to  be  reduced  to  a  state  of  mi- 
nute division  in  the  soil,  may  be  rated  the  comparative  values  of 
marls  for  manure.  In  regard  to  the  much  larger  proportions  of 
green-sand  in  miocene  marls,  as  asserted  by  other  authority,  and  de- 
nied by  me,  some  additional  remarks  will  be  hereafter  submitted,  in 
the  proper  order  for  consideration. 

As  might  be  inferred  from  the  obvious  manner  of  the  deposition 
of  the  marl,  as  before  stated,  by  waters  of  the  sea  in  violent  and 
yet  varying  degrees  of  motion,  the  different  horizontal  layers  of 
marl,  successively  deposited  in  the  same  bed,  and  even  within  a  few 
inches  of  perpendicular  distance  of  each  other,  sometimes  exhibit 
remarkable  differences  of  appearance,  composition,  and  of  value ; 
while  there  is  also  generally  as  remarkable  a  uniformity  of  charac- 
ter of  each  particular  layer  (though  differing  much  in  thickness  at 
different  places)  throughout  not  only  the  different  diggings  of  the 
same  place,  but  sometimes  for  miles  in  extent.  I  have  seen  often, 
in  diggings  on  different  farms,  and  several  miles  apart,  layers  of 
marl  so  precisely  alike,  and  so  marked  in  peculiar  character,  that 
there  could  be  no  doubt  of  their  being  parts  of  the  same  particular 
deposit,  made  at  the  same  time,  and  by  the  same  operating  natural 
causes.  Under  such  circumstances,  a  practised  eye  can  by  com- 
parison fiix  very  nearly  the  chemical  composition  of  similar  varie- 
ties, and  even  more  correctly,  for  general  averages  of  value,  than 
would  be  usually  obtained  from  the  accurate  chemical  analysis  of 
one  or  two  specimens  only.  For  the  usual  danger  of  error  is,  not 
in  the  chemical  analysis  (which  is  easily  enough  made,  and  the 
mode  sufBciently  correct),  but  in  the  selection  of  equal  and  fair 
specimens  of  marl  to  exhibit  the  average  strength  of  the  whole  body 
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excavated ;  which  requires  much  more  experience  and  accuracy  than 
are  usually  exercised  by  most  operators,  and  still  more  in  regard  to 
proprietors  who  send  specimens  of  their  marls  to  be  analyzed  by 
other  persons.  It  is  highly  important  to  the  farmer  to  know  the 
strength  of  the  marl  he  is  using.  And  to  this  end,  it  is  necessary 
that  every  layer  should  be  carefully  analyzed,  or,  what  is  better,  a 
.specimen  from  an  equal  and  continuous  shaving  of  the  whole  ver- 
tical section  of  a  digging,  so  as  to  furnish  a  fair  average  of  the  whole 
body.  But  after  this  trouble  is  once  taken,  the  general  result  will 
serve  for  all  the  future  diggings  at  the  same  place,  and  also  for 
similar  bodies  more  or  less  remote. 

The  layers  of  marls  formed  by  shells  left  "  in  place,"  or  where 
the  animals  died,  are  in  general  the  poorest ;  and  for  this  obvious 
reason,  that  all  the  hollows  of  and  interstices  between  the  shells  are 
filled  by  what  is  mostly  earth  (but  mixed  with  more  or  less  of  shelly 
fragments),  and  that  earth  is  principally  silicious  sand.  Marl  so 
formed,  will  not  have  more  than  35  to  at  most  40  per  cent,  of  cal- 
careous matter,  and  more  often  only  from  25  to  35.  .  The  sand  or 
earth  that  would  be  required  to  fill  all  the  hollows  and  chinks  of  a 
body  of  entire  shells,  of  ordinary  form,  though  touching  each  other 
at  their  edges  and  points,  would  necessarily  be  as  much  as  65  to  75 
per  cent,  of  the  whole  mass.  And  therefore,  it  is  only  because  of, 
and  in  proportion  to,  the  quantity  of  shelly  particles  mixed  and 
borne  along  with  the  earth  brought  by  currents  and  deposited  among 
the  whole  shells,  that  such  marl  is  sometimes  richer  than  25  to  35 
per  cent,  in  calcareous  matter.  The  degree  of  admixture  of  shelly 
fragments  in  this  filling  earth,  may  be  easily  judged  of  by  an  expe- 
rienced eye,  and  the  proportion  of  shells  and  large  fragments  will 
depend  much  on  the  forms  of  the  prevailing  kinds  of  shells.  It  is 
easy  to  know  the  marls  formed  by  shells  left  in  their  original  place, 
by  the  state  of  the  shells.  Either  the  shells  being  whole,  and  es- 
pecially the  more  fragile  varieties,  or  the  two  sides  of  bivalve  shells 
being  found  in  close  contact,  as  when  the  animal  was  living,  will 
show  clearly  that  the  dead  shells  had  not  been  much  agitated,  or 
borne  along  by  currents.  The  beds  or  layers  formed  by  removal, 
are  as  easily  known  by  the  broken  and  finely  reduced  state  of  the 
shells.  These  marls  are  usually  much  the  richest  in  calcareous 
matter;  for,  by  the  grinding  operation  of  the  currents,  and  the 
difference  of  specific  gravity  in  the  particles  carried  along,  the  cal- 
careous powder  and  clay  are  deposited  together,  with  but  little  sili- 
cious sand.  Among  the  richest  marls  are  some  having  whole  shells 
in  their  original  places,  but  of  which  the  interstices  are  filled  by 
such  fine  calcareous  and  clayey  earth  as  could  have  been  deposited 
only  in  waters  nearly  still.  Such  are  the  rich  marls  in  and  about 
Williamsburg,  and  in  Surry,  and  that  belt  of  country  generally,  con- 
taining 70  to  80  per  cent,  of  carbonate  of  lime. 
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The  different  varieties  of  miocene  marls,  which  will  now  be  more 
particularly  described,  are  not  always  separated  in  different  beds, 
but  sometimes  form  some  of  the  different  and  even  adjoining  layers 
of  the  same  bed  or  digging.  The  differences  of  colour,  &c.,  caused 
by  the  greater  or  less  quantity  of  various  accidental  ingredients, 
however  striking  to  the  eye,  are  not  often  of  much  importance  to 
the  value  of  the  marl ;  but  only  (or  principally)  such  differences  as 
are  caused  by  the  greater  or  less  proportion  of  shelly  matter,  and 
its  state  of  disintegration  and  division. 

Brownish  yellow  marl. — This  kind,  wherever  found,  always 
forms  the  highest  layers  of  the  particular  body.  That  is,  if  there 
be  layers  both  of  yellow  and  blue  marl  in  the  same  body,  the  yel- 
low is  always  above  and  the  blue  below,  and  never  in  the  reverse  po- 
sition. But  sometimes  the  yellow  continues  to  the  bottom,  and 
sometimes  the  blue  forms  the  top  as  well  as  the  bottom. 

Yellow  marl  is  usually  found  dry ;  that  is,  having  no  springs  or 
oozing  waters,  which  are  generally  reached  on  digging  lower  in  the 
body.  But  the  lower  part,  where  wet,  is  sometimes,  though  rarely, 
of  the  same  yellowish  or  dingy  white  tint,  so  as  to  make  it  manifest 
that  the  colour  is  not  dependent  on  the  degree  of  moisture  or  dry- 
ness. The  yellowish  tint  is  owing  to  the  presence  of  oxide  of  iron, 
and  is  pale  or  deep,  approaching  sometimes  to  reddish  brown,  ac- 
cording to  the  quantity  of  that  colouring  matter. 

Yellow  sandy  marl  is  the  kind  most  abundant  in  Prince  George 
county  on  and  at  some  miles  distance  from  the  banks  of  James  river, 
and  from  which  some  farms  entirely,  and  others  principally,  in  that 
neighbourhood,  have  been  marled.  It  is  of  shells  left  in  their  original 
place,  the  filling  earth  being  mostly  of  coarse  sand,  and  the  whole 
body  poor  in  calcareous  matter,  varying  in  its  proportion  usually 
from  20  to  30  per  cent,  and  rarely  richer  than  35  per  cent.  But  it 
is  of  such  open  and  loose  texture  (and  the  more  so  as  the  sand  is  the 
more  abundant),  that  this  marl  is  easily  and  cheaply  worked,  and 
the  labour  so  applied  is  therefore  often  better  compensated  than  in 
diggings  of  much  richer  marl.  In  this  variety  of  marl,  the  shells 
are  usually  entire,  or  in  large  fragments,  but  are  not  firm  or  well 
preserved.  In  some  beds,  or  thick  layers,  they  are  so  finely  reduced 
that  the  mass  seems  to  the  eye  to  be  wholly,  as  it  is  indeed  prin- 
cipally, a  body  of  silicious  sand.  From  one  bed  of  this  kind,  which 
its  proprietor  supposed  from  its  appearance  to  be  merely  silicious, 
the  earth  was  used  as  sand  to  mix  in  lime-mortar  for  masonry,  and 
it  was  found  to  serve  well  for  that  purpose.  Subsequently  this 
bed  of  sand  was  found  to  be  enough  calcareous  to  be  used  as  manure ; 
and  was  so  used,  and  to  such  good  profit,  that  the  proprietor  sup- 
posed it  to  be  rich  marl.  In  that  opinion,  however,  he  was  misr 
taken,  at  least  as  to  the  proportion  of  calcareous  contents. 

Yellow  clay  marl. — But  most  of  the  richest  as  well  as  of  the 
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poorest  miocene  marls,  are  yellowish.  When  rich,  say  containing 
proportions  of  carbonate  of  lime  from  45  to  80  per  cent.,  the  marl 
is  usually  formed  of  shells  broken  down,  when  under  the  sea,  to 
small  fragments  or  to  powder,  by  the  grinding  action  of  the  Water 
in  violent  motion,  and  left  afterwards  to  settle  in  stiller  water,  ac- 
cording to  the  specific  gravity.  Or  it  is  the  same  kind  of  rich  and 
finely  divided  water-borne  matter  deposited  on  and  filling  the  hol- 
lows in  and  between  whole  shells  remaining  in  their  original 
place.  In  either  case,  the  small  quantity  of  earth  first  suspended 
in  the  current,  and  theii  deposited  with  the  finely  reduced  shelly 
matter,  is  mostly  if  not  entirely  clay ;  as  silicious  sand,  having  more 
specific  weight,  could  not  be  suspended  by  the  current  so  long,  or 
carried  so  far,  before  being  deposited.  The  few  rich  clay  marls  of 
Prince  George  are  of  the  first-named  variety,  or  composed  entirely 
of  fine  fragments  of  shells  intermixed  with  clay.  The  much  richer 
marls  in  and  about  Williamsburg  are  of  the  other  kind,  there  being 
also  numerous  whole  shells  in  place,  as  well  as  the  interstices  being 
filled  almost  entirely  by  water-borne  fragments,  and  fine  powder  of 
other  shells.  The  other  contents,  making  from  15  to  25  per  cent, 
of  the  body,  are  principally  of  a  very  fine  clay  of  pale  yellow,  and 
much  less  of  silicious  or  white  quartz  sand,  oxide  of  iron,  and  a 
little  green-sand.  Much  of  the  same  kind  of  rich  marl  is  also  in 
other  parts  of  James  City  and  York,  in  the  lower  part  of  Surry, 
and  in  Isle  of  Wight,  New  Kent,  and  King  William  counties,  which 
I  have  seen — and  probably  throughout  the  middle  belt  of  the  marl 
region  of  Virginia.  There  has  been  little  or  none  of  this  ridh  clay 
marl  seen  by  me  in  the  upper  range  of  marl  counties  (those  next 
the  falls  of  the  rivers),  and  not  much  more  near  to  the  eastern 
limits,  or  next  to  where  the  marl  dips  so  deeply,  as  to  disappear 
from  the  surface,  and  is  accessible  only  by  deep  digging.  Perhaps 
observations  more  extended  than  mine  have  been,  might  present 
different  conclusions. 

The  rich  marls  just  described,  when  separated  mechanically  (by 
the  sieve,  and  by  carefully  washing  in  water),  seem  to  consist,  for 
the  much  greater  part,  of  pure  shelly  matter,  mostly  in  large  or 
small  fragments,  slightly  coloured  brown  by  oxide  of  iron,  and  the 
remainder  of  a  very  fine  and  apparently  pure  pale  yellow  clay.  But 
this  clay  is  also  composed  in  part  of  finely  divided  carbonate  of 
lime;  and  the  fine  shelly  matter  is  intermixed  with  some  silicious 
sand  and  a  little  green-sand.  The  bed  of  marl  near  Surry  Court 
House  (which  is  similar  to  the  marl  at  most  other  places  thereabout) 
is  of  this  kind  and  general  character ;  and  from  it,  a  large  body  of 
land  has  been  manured  with  great  benefit.  This  body  of  marl  was 
reputed,  upon  the  authority  of  the  State  Geological  Surveyor  to  be 
among  the  richest  in  green-sand.  Prom  a  much  larger  sample  of 
the  marl  of  this  bed,  carefully  selected  by  the  proprietor,  at  my  re- 
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quest,  and  for  my  examination,  an  average  portion  taken  was  com- 
posed as  follows  : — 

1780  grains,  separated  mechanically,  by  the  sieve  and  by  washing 
and  subsidence  in  water,  consisted  of 

Carbonate    Hue  orgillaoiOTO    Silicious    Gram-sand. 
innn         ■         n    ,    „         ,  Of  lime.  ?arth.  eand.     . 

1036  grains  of  shells  and  coarse 

fragments,  nearly  pure,  and 
BO  counted,     -        -  1036 

433  grains  of  fine  shelly  frag- 
ments, &o.,  which  consisted 

of  -        -        -        -       268        -        -        -        120  45 

277  grains  fine  yellow  clay,  &o., 

which  consisted  of         -  65        -      212 

34  loss  in  the  process. 

1780                                               1369              212               120  45 
Which  may  be  stated  of  parts  to  the  hundred,  thus  : 

100  grains  of  marl  contained  of  carbonate  of  lime,  77  grains. 

Silicious  or  quartz  sand,  very  pure  and  white,         -  6|     " 

Green-sand,                    -        -        .        .        .                 .  2A     " 
Fine  yellow  clay  or  argillaceous  earth  (and  the  loss  in 

the  latter  process),             ......  13|     « 

100      " 

The  richest  bodies  of  these  maris  show  very  few  shells,  or  even 
fragments,  and  have  a  homogeneous  texture  and  appearance  to  the 
eye,  like  a  very  impure  chalk  or  sandy  clay.  Such  marls  are 
found-  in  James  City,  New  Kent,  King  William,  and  Middlesex 
counties.  The  following  are  some  of  them  of  which  I  have  analyzed 
specimens  : — 

FBOM  V 

King  William,  (Lipscomb's  land) — 82  pr.  ct.  of  carbonate  of  lime. 

"  (Slaughter's  land)— 88      "  "  " 

New  Kent,        (Mount  Prospect)— 88      «  "  " 

Middlesex,  (Oaks'  land)— 83      «  "  " 

Most  of  these  marls  are  soft  enough  to  be  used  for  manure  as 
dug  from  the  pits ;  but  the  hardest  lumps  may  need  burning  to 
lime.  Any  marl  hard  enough  ,  to  need  burning,  and  as  rich 
as  85  per  cent.,  will  make  good  lime  for  cement,  as  well  as  for 
manure. 

Under  a  peculiar  combination  of  circumstances,  the  great  rich- 
ness of  some  marls  operates  to  lessen  the  value  of  the  body  as  ma- 
nure. Rain-water,  when  just  fallen,  always  contains  come  carbonic 
acid,  which  admixture  causes  it  to  be  a  solvent  of  carbonate  of  lime. 
When  rain-water  then  c&n  descend  by  percolation  into  rich  dry 
marl,  in  its  passage  it  dissolves  some  of  the  calcareous  matter. 
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which  is  again  left  solid,  and  in  crystals,  by  the  slow  evaporation 
of  the  fluid.  These  crystals  of  carbonate  of  lime  are  slowly  added 
to  by  every  recurrence  of  the  like  causes,  until  the  cavities  of  large 
shells,  and  other  openings  into  which  the  water  had  settled,  are 
completely  filled  with  crystallization.  If  layers  of  marl,  less  per- 
vious to  water  than  in  general,  oppose  the  descent  of  the  water,  the 
crystallization  forms  in  connected  horizontal  layers,  separated  by 
the-  thicker  layers  of  softer  marl.  Such  crystallized  layers  are 
found  abundantly  in  the  very  rich  marl  in  the  cliffs  at  Yorktown, 
serving  by  their  stony  hardness  to  impair  the  otherwise  great  value 
of  the  manure.  At  Belfield,  Col.  Kobert  McCandlish's  farm,  a  few 
miles  higher  on  York  river,  the  hollows  of  large  shells  have  been 
filled  with  beautiful  and  brilliant  crystals  thus  formed.  In  Surry 
also,  on  the  land  of  the  late  WUliam  Jones,  such  crystallization  is 
abundant.  For  such  effect  to  be  produced,  there  are  several  con- 
ditions necessary.  The  superincumbent  earth  must  be  of  open 
texture,  and  not  very  thick — or  rain-water  could  not  pass  through. 
It  must  not  be  a  hill-side — as  the  water  would  flow  off  the  surface 
and  not  penetrate  to  the  marl.  And  the  marl  must  be  dry — or 
evaporation  could  not  take  place,  and,  of  course,  crystallization 
could  not. 

Gloucester,  though  one  of  the  outside  marl  counties  to  the  east, 
is  most  abundantly  supplied  with  marl,  accessible  on  almost  every 
farm,  whether  of  high  or  of  low  grounds.  It  is  generally  of  the 
poorer  yellow  kind.  But  three  marked  exceptions  were  seen, 
which  as  such  deserve  to  be  named.  One  is  the  rich  clay  marl 
forming  the  north  bank  of  Ware  river  on  the  farm  of  Mr.  Alexan- 
der Taliaferro.  Another  is  the  general  sub-soil  (as  it  may  be  con- 
sidered from  its  position)  of  the  lowest  land  of  the  farm  of  Mr. 
Jefferson  Sinclair,  near  the  mouth  of  Severn  river.  This  is  an  al- 
most pure  body  of  coarse  shelly  powder,  or  fragments,  seldom  found 
larger  than  two  or  three  grains  in  weight,  and  a  very  few  shells,  of 
as  minute  size,  entire  enough  to  be  distinguished.  This  mass  of 
shelly  matter  is  as  loose  and  incohesive  as  coarse  sand,  yet  is  tinged 
slightly  with  green  by  the  admixture  of  greenish  clay.  A  speci- 
men analyzed  contained  72  per  cent,  of  carbonate  of  lime.  (See 
more  full  account  at  page  181,  vol.  vi.  Farmers'  Register).  The 
third  is  the  marl  used  by  Capt.  P.  E.  Tabb,  and  dug  from  beneath 
the  low  grounds  on  North  river.  It  is  a  mass  of  pulverized  shells, 
coloured  by  red  or  brown  oxide  of  iron.* 

Blue  maW.-^This  is  the  most  common  kind  in  the  upper  range, 
or  near  the  western  limits  of  the  great  marl  deposit.     Thereabout, 

*  This  is  the  marl  bo  abundant,  and  of  easy  access,  on  Toddsbury,  the 
property  and  residence  of  the  deceased  Philip  Tabb ;  and  of  which  marl  the 
value  as  manure  had  not  been  tried,  or  suspected,  by  that  experienced  and 
deservedly  distinguished  farmer,  during  his  long  life  on  that  farm. 
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blue  marl  usually  forms  the  whole  thickness  of  the  bed.  More 
eastward,  and  lower  down  the  country,  it  sometimes  forms  the 
whole  of  low-lying  beds,  but  more  usually  only  the  lower  layers  of  a 
bed,  of  w.hich  the  upper  part  is  yellow. 

Blue  marl  is  generally  such  as  remains  "  in  place,"  or  where  the 
shells  were  left  by  the  death  of  the  enclosed  animals,  and  the  inter- 
mixed earth  is  mostly  silicious  sand  j  and  therefore  (and  not  because 
of  its  colour),  this  marl  is  rarely  found  as  rich  as  45  per  cent.,  and 
is  still  more  rarely  equal  to  the  yellow  clay  marls,  though  generally 
richer  than  the  yellow  sandy  marls. 

Blue  marl  in  the  bed  is  always  wet,  being  made  so  by  water 
slowly  oozing  from  every  part,  though  seldom  fast  anywhere,  or 
showing  springs  or  veins  of  running  water.  The  blue  colour  is  not 
caused  by  moisture  (for  some  yellow  marls  are  also  permanently 
wet),  but  by  vegetable  extract  or  other  dark-coloured  organic  mat- 
ter, brought  in  the  percolating  water.  This  inference  I  have  drawn 
from  extensive  observation  of  the  natural  beds,  and  also  from  seve- 
ral accurate  though  accidental  experiments,  of  which  the  first  that 
was  observed  will  be  here  stated.  A  small  stable  yard  was  covered 
6  to  10  inches  thick  with  a  rich  dry  yellow  marl,  for  the  purpose 
of  retaining  by  chemical  combination  the  jilices  of  the  putrescent 
manure  which  was  to  be  thrown  there  from  the  stable.  After  re- 
maining for  this  use  a  year  or  more,  this  flooring  of  marl  was  dug  - 
up  and  carried  out  for  manure ;  when  it  was  found  to  be  changed 
in  colour  to  a  deep  and  vivid  blue,  and  precisely  like  the  natural 
colour  and  appearance  of  the  under-stratum  of  the  same  body  of 
marl,  which  being  an  open  and  almost  pure  mass  of  pulverized  (and 
water-borue)  fragments  of  shells,  was  readily  penetrated  by  and 
always  full  of  water.  A  general  fact  confirming  this  view  is  that 
all  marls  found  lying  immediately  under  swampy  soils,  full  of 
vegetable  matter,  are  blue.  And  this  colouring  vegetable  matter 
in  marl  is  not  merely  intermixed  with,  but  must  be  held  in  chemi- 
cal combination  by  the  calcareous  matter;  and  serves,  according  to 
its  quantity,  in  blue  marls,  as  an  addition  to  the  fertilizing  power 
of  the  calcareous  matter  alone.  The  particular  body  of  marl  above 
referred  to,  the  under-stratum  of  which  is  the  most  marked  or  vivid 
blue  ever  seen  in  marl,  is  at  Shellbanks  farm.  Prince  George,  and 
from  which  I  dug  and  applied  a  large  quantity.  The  greater  part, 
and  all  the  richest  layers,  seemed  to  be  of  shells  broken  down  to  a 
coarse  powder,  or  of  sizes  less  than  fine  gravel,  through  which  clear 
water  rose  and  passed  so  freely  as  to  forbid  digging  to  the  bottom. 
The  small  quantity  of  clay  or  other  earth  intermixed  with  the  cal- 
careous earth  of  this  marl  is  altogether  insufiScient  to  hold  so  much 
colouring  matter ;  and  moreover,  if  the  colouring  matter  were  not 
chemically  combined  with  the  calcareous,  the  continued  free  pas- 
sage of  water  must  have  dissolved  and  washed  off  any  uncombined 
38 
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vegetable  extract.  This  whole  body  of  marl,  both  the  dry  and  yel- 
low lying  at  top,  as  well  as  the  blue  and  wet  below_,  was  all  brought 
and  deposited  by  currents,  as  is  manifest  by  the  different  layers  of 
different  specifie  gravity,  and  still  more  by  the  many  intervening 
layers  of  a  fine  calcareous  clay  (before  mentioned),  which  may  be 
considered  as  the  true  marl  of  mineralogy,  though  in  very  small 
quantity.  Analyses  were  carefully  made  of  every  different  quality, 
and  the  results  may  be  interesting  as  showing  how  much  one  layer 
may  vary  from  the,  one  next  adjoining;  and  different  specimens  not 
more  than  a  few  inches  of  perpendicular  distance  apart. 

Upper  dry  part,  yellow,  and  loose  as  sand,  varying 
(by  unevenness  of  surface)  from  3  to  7  feet,  con- 
tained of  carbonate  of  lime         .         .         .         .53  per  cent. 
Next  layer  below,  brownish  yellow,  through  which 

'  water  passes,  25         " 

About  12  inches  lower,  in  the  blue,        .         .         .64         " 
"       "      "  "         "         "  another  specimen 

below        ...-...,.     69         " 
Layers  of  clay  marl,  interspersed  through  the  above       9         " 

And  in'  a  subsequent  digging,  the  strength  of  four  specimens  of 
the  blue  part  of  the  marl  was  as  follows : — 

In  the  first  foot  depth  of  blue  under-stratum        .  32  per  cent. 

In  the  second  foot  .....  33         " 

At  3}  feet        .         .         .         .         .         .         .  76         " 

At  4  feet,  and  lowest  digging  then  effected  .  70         " 

It  may  readily  be  inferred,  from  these  various  results,  that  if 
one  or  two  specimens  only  had  been  analyzed,  and  these  taken  with 
no  more  care  than  is  commonly  used,  that  a  very  deoeptious  report 
would  have  been  furnished  from  making  even  the  most  accurate 
analyses. 

Conchologists  and  geologists,  who  have  treated  so  much  of  marls, 
but  merely  in  reference  to  the  shells  they  furnish,  or  to  their 
geological  character,  speak  of  the  blue  marl  as  formed  by  shells 
being  imbedded  in  a  Hue  day.  But  the  earth  is  not  generally  a 
clay,  nor  anything  even  approaching  to  a  clay,  but  is  mostly  of 
silicious  sand.  The  ordinary  blue  marl  contains  usually  from  three 
to  four  times  as  much  pure  and  separable  silicious  sand  as  of  clay. 
Erom  various  specimens  of  two  diggings  in  such  marl,  from  which 
more  than  300  acres  were  marled  of  the  Cogging  Point  farm,  the 
following  results  were  found  by  analysis  : — 

Yellow  marl  (wet)  thin  layer  at  top,  contained  of  car- 
bonate of  lime  .        .         .         .        .         .        24  grains. 
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Within  24  inches  of.  top,  shelly  matter  finely  divided,  and  the 
mass  uniform  dull  blue  colour,  100  grains  contained : 

Carbonate  of  lime, 34  grains. 

White  silicious  sand,  .         .         .         .         .        47      " 

Clay,  black  when  moist,  and  dark  gray  when  dried,         19      " 

100 
Of  similar  blue  marl  from  another  pit  in  the  same  body,  100 
grains  contained : 

Carbonate  of  lime, 34 

Silicious  sand,  .         .         .         .         .         .         52 

C%j '.        !        14 


grains. 


100 
Of  another  specimen  from  the  same,  and  of  similar 

marl,  100  grains  contained  of  carbonate  of  lime,  29      " 

At  6  feet  deep  (the  shell  not  much  reduced),  carbo- 
nate of  lime      .......         44      " 

At  13  feet  deep,  and  one  foot  from  bottom,     .         .         33      " 
Some  few  hard  lumps  of  conglomerated  shells  and 
earth  scattered  through  the  general  mass,  .         73      " 

From  a  digging  at  three-fourths  of  a  mile  distant,  of  marl  of  the 
same  appearance  and  believed  to  be  the  same  body  as  the  preceding, 
the  general  average  of  strength,  as  obtained  from  several  trials  at 
different  depths,  was  in  100  grains  of  marl,  35  of  carbonate  of  lime. 
The  thickness  of  this  body,  where  penetrated,  varied  from  11  to  14 
feet ;  where  there  was  a  marked  lessening,  though  not  entire  ab- 
sence of  shelly  matter,  and  increase  of  silicious  sand  of  the  same 
blue  tint.  The  deeper  removal  was  stopped  because  of  the  obvious 
poverty,  and  no  further  examination  of  more  than  a  foot  or  two  in 
depth  was  made  in  this  poor  substratum.  In  but  few  of  all  the 
various  diggings  made  by  myself,  or  of  others  heard  of,  has  the  bot- 
tom of  the  marl  been  reached — though  in  many,  and  most  generally 
when  penetrated  deeply  enough,  it  becomes  so  poor  as  to  be  not 
worth  the  labour  of  removing.  In  most  of  the  few  known  cases, 
when  digging  the  marl  for  manure,  that  the  bottom  of  the  miocene 
was  reached,  the  stratum  below  was  of  eocene  green-sand  earth,  or 
eocene  marl.  In  digging  a  well,  at  Shellbanks,  my  then  residence, 
after  passing  through  a  bed  of  firm  blue  marl,  of  broken  (or  water- 
worn)  shells,  obviously  the  same  kind  dug  at  another  place  for  ma- 
nure, and  described  at  page  445,  a  soft  brown  sand  was  reached, 
apparently  destitute  of  calcareous  matter,  and  from  which  rose  an 
abundant  supply  of  pure  and  soft  water  to  the  height  of  13  feet, 
which  stood  altogether  in  this  blue'  marl,  without  its  purity  being 
affected  either  by  the  calcareous  matter  of  the  marl,  or  its  colour- 
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ing  matter.  The  continued  purity  of  this  water  is  an  additional 
proof  that  the  blue  colouring  matter  is  chemically  combined  with 
the  carbonate  of  lime — and  the  combination  is  a  visible  illustra- 
tion of  the  manner  in  which  marl  holds  to  and  fixes  putrescent 
manures. 

Mr.  William  Carmichael,  of  Queen  Ann's  county,  Maryland,  an 
intelligent  agriculturist,  and  an  experienced  and  observant  marler, 
is  of  opinion  that  there  is  a  perceptible  superiority  of  effect  of  blue 
marls  over  others  of  equal  (and  even  greater)  strength  in  calcareous 
matter.  (Farmers'  Eegister,  vol.  vii.  p.  106.)  This  superiority 
of  eifect  probably  is  caused  by  the  vegetable  or  other  putrescent  and 
alimentary  matter  being  combined  with  the  calcareous,  and  by  its 
presence  giving  colour  to  the  blue  marl.  Aild  that  the  blue  colour 
is  thus  produced  is  fully  proved  by  the  facts  stated  at  page  445, 
and  by  my  more  general  observation. 

Excepting  then  the  additional  value  in  the  vegetable  extract 
which  gives  the  colour,  there  is  no  difference  between  the  blue  and 
the  yellow  marls,  other  than  the  difference,  as  of  any  marls  of  simi- 
lar colour,  in  their  respective  amounts  of  calcareous  matter.  Aild 
the  same  may  be  said  of  wet  and  dry  marls,  which  are  generally, 
but  not  always,  distinguished  by  the  above  colours ;  and  also  of  any 
other  miocene  marls,  excepting  for  such  small  proportion  of  "  green- 
sand"  as  is  sometimes  present.  But  there  is  reason  to  believe  that 
wet  marls,  in  many  cases,  have  lost  some  of  their  ancient  strength, 
by  the  continued  though  very  slow  percolation  and  subsequent  dis- 
charge of  water  through  the  mass.  If  recent  rain-water  penetrates 
wet  marl,  it  dissolves  some  carbonate  of  lime  (by  means  of  the  car- 
bonic acid  in  the  rain-water) ;  and,  as"  the  water  slowly  flows  off,  or 
oozes  out,  instead  of  being  evaporated,  the  dissolved  lime  is  washed 
into  the  nearest  stream,  and  is  lost,  instead  of  being  left,  crystal- 
lized or  otherwise,  as  in  dry  marl.  Again — if  water  flows  over 
having  sulphate  of  iron  (copperas)  in  solution,  (which  is  not  a  very 
rare  case,)  that  dissolved  salt  acts  with  the  carbonate  of  lime  to 
produce  the  decompbsition  of  both  the  sulphate  of  iron  and  the 
carbonate  of , lime,  and  from  two  of  their  component  parts  to  form 
sulphate  of  lime.  And  as  this  is  slightly  soluble  in  water,  it  must 
be  carried  off  by  the  slowly  oozing  water,  as  long  as  any  of  these 
new  salts  remain.  In  this  case,  the  carbonic  acid  is  evolved,  and 
the  iron  is  precipitated — and  often  fills,  or  coats  the  interior  of  the 
spaces  before  filled  by  the  shells  which  this  chemical  process  had 
decomposed  and  removed.  This  effect,  when  produced,  is  seen  at 
the  upper  part  of  the  marl,  where  the  copperas  water  first  touches 
the  shelly  matter.  In  Henrico,  near  the  western  limit  of  the  marl, 
and  in  Hanover,  more  eastward,  there  is  generally  over  the  pre- 
sent highest  shells  a  body  of  earth  of  colour  and  general  appear- 
ance very  similar  to  the  marl  below,  and  full  of  hollow  impressions 
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of  shells,  though  no  shelly  nor  even  any  calcareous  matter  now 
remains.  In  other  marls,  there  is  often  seen  an  upper  layer 
coloured  brown  by  this  deposit  of  iron.  Both  these  are  different 
modes  of  the  same  operation;  the  waters  charged  with  sulphate  of 
iron  having  in  the  latter  case  decomposed  and  removed  but  part, 
and  in  the  former  all  the  calcareous  matter,  to  some  depth  below 
the  former  top  of  the  stratum  of  marl.  The  marl,  in  the  upper 
part  of  which  the  shells  have  been  thus  dissolved  and  removed, 
has  a  decided  sulphureous  odour,  which  is  left  very  perceptible  on 
the  hands,  after  handling  the  marl  as  dug;  and  this  odour  is  still 
more  manifest  in  the  marl  when  it  has  been  dug  and  thrown  out, 
and  exposed  some  days  to  the  weather.  Such  marl  is  within  a  few 
miles  of  Eichmond,  at  Dr.  Chamberlayne's  and  Col.  0.  W.  Gooch's 
farms.     It  is  poor  in  calcareous  matter. 

The  comparative  values  of  marls  are  fixed  by  the  comparative 
proportions  of  carbonate  of  lime  contained,  other  circumstances 
being  alike ;  yet  if  these  other  circumstances  are  very  different, 
they  may  make  a  marl  containing  but  25  per  cent,  worth  more 
than  another  of  50  per  cent.  The  more  finely  reduced,  or  the  more 
soft  the  shells,  the  quicker  the  action  will  be,  and  the  more  profita- 
ble the  marling.  But  all  the  white  shells,  however  hard  and 
entire  when  applied,  are  dissolved  in  a  few  years,  if  the  soil  really 
needs  so  much  lime — that  is  (according  to  my  views),  if  there  be 
add  of  soil  enough  to  combine  with  the  lime.  But  the  gray  or 
slate-coloured  shells  seem  to  be  insoluble  and  almost  indestructible, 
and  do  very  little  good  as  manure.  These  shells  are  the  several 
species  of  scallop  (j>ecten)  and  of  fossil  oyster  (ostrea),  and  some 
few  others,  all  fortunately  being  but  in  small  proportion  compared 
to  the  numerous  white  and  softer  shells.  Some  beds  of  marl, 
however,  or  layers,  have  mostly  these  hard  shells,  and  therefore 
are  worth  very  little  compared  to  what  their  chemical  analysis 
would  indicate. 

It  is  not  necessary  to  speak  otherwise  than  very  concisely  as  to 
the  practical  applications  and  effects  of  miocene  shell  marl;  for 
this  is  the  kind  in  general  use  throughout  lower  Virginia  and  Mary- 
land, and  to  such  small  extent  as  has  been  used  in  North  Carolina, 
and  therefore  the  operation  is  well  known.  All  the  usual  and 
general  and  highly  beneficial  effects  of  marl  known,  with  but  few 
exceptions  in  the  limited  districts  of  eocene  marl  (hereafter  to  be 
described),  are  due  to  the  miocene  marls.  And  of  such  effects 
there  have  been  numerous  statements,  general  and  particular.  The 
operation  of  the  eocene  marls,  and  especially  those  largely  mixed 
with  "  green-sand,"  is  different,  and  superior ;  but  their  use  has 
been  so  limited,  and  so  few  statements  of  effects  published,  that 
nearly  all  the  particular  results  and  general  statements  of  effects 
38* 
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yet  laid  before  the  public,  in  the  "Essay  on  Calcareous  Manures" 
or  elsewhere,  have  been  in  relation  to  the  miocene  marls. 

My  personal  examinations  of  marl,  in  place,  have  not  been  ex- 
tended to  the  Kappahannock.  From  «such  information  as  has 
reached  me,  I  infer  that  the  marls  of  that  basin  are  generally  much 
poorer  in  calcareous  matter  than  those  of  the  basins  of  James 
river,  York,  Mobjack  bay,  and  Piankatuck  river. 

Eocene  Marl. 

(c)  Calcareous  marl,  containing  hut  little  green-sand. — The  ex- 
istence in  Virginia  of  the  marl  now  known  as  eocene,  was  first  dis- 
covered in  1819  by  myself,  in  the  south  bank  of  James  river,  un- 
derlying the  promontory  of  Coggins  Point ;  and  in  the  same  year 
it  was  tried  as  manure.  The  texture  and  general  appearance  of 
this  marl  were  obviously  peculiar ;  and  its  effects  as  manure  were 
soon  also  observed  to  be  in  some  measure  different  from  and  supe- 
rior to  those  of  the  pther  marls,  which  I  had  then  used,  and  which 
were  all  of  the  kind  now  distinguished  as  miocene.  At  that  time 
these  terms  had  not  been  introduced,  and  for  perhaps  fifteen  years 
afterwards,  I  did  not  so  much  as  hear  of  the  terms  "  eocene"  and 
"  miocene ;"  but  the  difference  of  age,  appearance,  and  agricultural 
character  of  the  two  kinds  were  not  therefore  the  less  evident  and 
obvious  to  my  uninstruoted  observation.  The  manifest  difference 
of  effect,  as  manure,  was  then  ascribed  by  me  to  the  general  if  not 
universal  presence  of  a  small  proportion  of  sulphate  of  lime,  or 
gypsum,  in  the  eocene  marl.  The  belief  in  the  general  presence 
of  gypsum  was  very  early  induced  by  my  seeing  in  a  few  places 
small  crystals  overlying  and  in  contact  with  the  surface  of  the  bed 
of  marl ;  and  also  by  the  apparent  results  of  such  poor  attempts 
as  I  subsequently  made  to  ascertain  the  presence  of  this  substance, 
by  means  of  chemical  tests.  Upon  such  imperfect  trials,  and  the 
still  more  imperfect  knowledge  and  skill  which  I  could  apply  to  the 
investigation,  very  little  reliance  ought  to  have  been  placed.  Never- 
theless, I  thence  inferred  that  there  was  universally  present  and 
diffused  through  the  body  of  this  marl  a  small  proportion  of  sul- 
phate of  lime,  and-  subsequent  agricultural  practice  has  supplied 
the  confirmation,  which  has  not  yet  been  sought  for  by  the  supe- 
rior chemical  knowledge  and  skill  of  any  other  and  later  investi- 
gator. In  the  earliest  publication  of  my  views  on  calcareous  ma- 
nures in  1821,  the  gypseous  character  of  this  particular  body  of 
marl  was  affirmed,  and  the  peculiar  character  of  the  results  of  the 
first  experiments  with  it  stated.*  And  in  the  edition  of  1832  of 
the  "  Essay  on  Calcareous  Manures,"  the  general  and  full  descrip- 

*  American  Farmer,  vol.  iii.,  p.  317,  and  also  the  same  experiments  num- 
bered 18, 19,  20,  of  the  present  edition  of  "Essay  on  Calcareous  Manures." 
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tlon  of  this  marl  was  given  precisely  as  if  now  stands  in  pages  144, 
145,  of  the  latest  edition.  My  still  earlier  discovery  of  and  ob- 
servations upon  the  peculiar  character  of  the  underlying  bed  of 
gypseous  or  "green-sand"  earth  (which  will  be  treated  of  subse- 
quently),^ led  me  to  observe  the  peculiarities  of  the  eocene  marl, 
which  being  less  distinctly  marked,  might  otherwise  have  escaped 
my  notice. 

As  stated  above,  it  was  not  from  any  knowledge  of  geological 
theories  of  successive  formations,  and  different  ages  and  periods, 
of  all  which  I  was  profoundly  ignorant,  that  my  opinion  of  the 
peculiar  character  of  this  marl  was  influenced.  But  judging 
solely  from  the  more  rotten  and  disintegrated  state  of  the  shells, 
and  their  entire  disappearance  generally,  even  though  their  calca- 
reous material  remains — and  from  the  total  difference  of  kind  of 
the  few  shells  remaining  whole,  or  of  which  the  shape  is  distinctly 
marked,  from  any  others  of  the  many  shells  then  known  to  me  in 
any  other  marls,  I  very  early  formed  the  opinion  that  this  bed  was 
one  of  the  remains  or  ruins  of  a  condition  of  the  earth  much  more 
ancient  than  that  in  which  the  ordinary  marls  had  been  formed. 
I  remember  having  stated  this  opinion  to  one  of  the  earliest  of  the 
several  geologists  who  at  different  times  visited  my  dwelling-place 
and  my  marl  excavations.  This  was  the  since  notorious  Feather- 
stonhaugh,  to  whom  I  pointed  out  this  curious  and  to  me  highly 
interesting  deposit,  and  directed  his  attention  to  the  more  modern 
and  very  different  (miocene)  marl  lying  immediately  upon  and  in 
close  contact  with  the  much  more  ancient  formation  below.  This 
remarkable  feature  I  also  showed  at  a  later  time  to  Professor  Wil- 
liam B.  Rogers,  who  was  much  struck  with  the  fact,  and  attached 
so  much  importance  to  it,  that  he  has  referred  to  it  in  several  of 
his  subsequent  publications. 

The  most  ready  and  certain  mode  of  distinguishing  eocene  marl, 
is  by  reference  to  some  of  the  shells  belonging  to  this  kind,  and 
which  are  never  found  in  miocene  marls.  There  are  many  such  ; 
but  the  most  common  and  well  marked  are  the  two  following  :  1st. 
The  cardita  planicosta,  a  bivalve  white  shell,  having  numerous  re- 
gularly formed  flat  ridges  running  from  the  point  at  the  hinge  of 
thevalves  to  the  circumference  of  the  outer  or  opening  parts,  and 
widening  as  the  ridges  extend — both  valves  alike,  and  having  out- 
lines approaching  to  circular — sometimes  seen  four  inches  across, 
and  the  connected  valves  two  inches  through ;  but  generally  of 
much  smaller  and  various  sizes.  2d.  The  ostrea  sellce/ormis,  or  sad- 
dle, oyster,  a  curiously  and  variously  contorted  gray  and  very  hard 
bivalve  shell,  the  larger  valve  of  which  approaches  the  shape  and 
reversed  curves  of  a  saddle.  .This  shell  is  sometimes  found  more 
than  five  inches  in  length.  Both  of  these  shells  are  abundant, 
especially  the  cardita  pla.nicosta,  in  this  particular  bed  of  eocene 
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nlarl,  and  also  in  the  upper  part  of  all  the  other  eocene  marls  since 
known  elsewhere  in  Virginia.  Without  reference  to  these,  or  to 
some  other  characteristic  shells,  the  eocene  marl  might  not  always 
be  distinguishable  by  its  texture  or  general  appearance  from  the 
miooene.  And  even  these  two  shells,  the  most  abundant  and 
characteristic  of  the  eocene  formation  generally,  are  neither  to  be 
found  in  the  lower  layers  of  any  bed  that  I  have  been  enabled  to 
examine. 

For  some  years  after  the  first  discovery  and  application  of  this 
calcareous  eocene  marl  on  Coggins  Point  farm,  it  was  not  known 
to  exist  elsewhere.  For  even  where  then  visible,  and  at  later  times 
used,  its  different  character  was  neither  known  nor  suspected  by 
its  proprietors.  As  chance  furnished  to  me  opportunities  of  seeing 
the  beds,  or  as  small  specimens  of  the  marl  were  sent  to  me  for 
examination,  I  gradually  came  to  know  the  greater  extent  of  this 
bed.  It  is  now  known  at  various  joints  in  an  area  of  about  twelve 
miles  in  length,  from  east  to  west,  and  eight  or  ten  miles  wide, 
which  area  takes  in  parts  of  the  counties  of  Prince  George  (which 
has  much  the  larger  known  portion),  Charles  City,  and  the  lower 
point  of  Chesterfield.  And  in  this  area  also  is  the  broad  bed  of 
James  river,  and  the  lower  parts  of  its  tributaries,  Appomattox 
river,  and  Bailey's,  Powell's,  and  Herring  creeks.  The  marl  is 
exposed  to  view  on  the  southern  side  of  James  river,  at  the  fol- 
lowing several  points  :  Coggins  Point,  Maycox  (a  mile  below,  and 
the  most  eastern  exposure  as  yet  known),  Tarbay,  Wm.  H.  Harri- 
son's farm,  and  Beaver  Castle,  all  above  on  the  river — Eelbank 
and  Hawksnest  (the  most  southern  exposure),  on  Powell's  creek — 
the  Old  Court  House  tract  and  Spring  Garden  farm,  both  on  Bai- 
ley's creek,  and  the  latter  from  one  to  two  miles  above  the  head 
of  its  tide,  and  three  miles  south  of  the  Appomattox  where  oppo- 
site. The  last  is  the  most  western  exposure.  On  the  northern 
side  of  the  Appomattox,  it  is  seen  in  the  river  bank  at  Bermuda 
Hundred,  and  north  of  James  river,  and  of  Herring  creek,  at 
Neston  and  Evelynton. 

Through  nearly  all  this  large  area,  this  bed  of  marl  preserves 
remarkable  uniformity  of  appearance,  texture,  chemical  character 
and  composition,  and  even  of  the  thickness  of  the  stratum,  &nd 
of  the  succession  and  variations  of  character  of  the  several  smaller 
layers  of  the  general  body.  The  bed  lies  nearly  horizontal,  but 
dips  slightly  and  irregularly  eastward  and  northward.  At  Coggins 
Point,  its  lower  part  is  10  to  12  feet  above  high  tide,  while  at 
Maycox,  a  mile  to  the  east,  and  at  Evelynton,  three  miles  north,  it 
is  lower  than  high  tide  mark.  Yet  not  so  much  diflFerence  of  ele- 
vation as  this  is  seen  in  all  the  greater  extension  westward  to 
Bermuda  Hundred.  The  stratum  varies  from  4  to  10  feet  thick 
being   thinnest   at   its   south-western   exposure,   Spring   Garden' 
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and  thickest  at  the  north-eastern,  Neston  and  Evelynton.  At 
Coggins  Point,  where  traced  along  the  face  of  the  river  cliff  con- 
tinuously for  more  than  half  a  mile,  it  is  usually  6  feet  thick, 
never  more  than  8,  and  never  less  than  4  feet,  except  where 
terminating.  The  general  and  almost  uniform  colour  is  a  pale 
dingy  yellow.  The  few  shells  remaining  are  not  perceptible  with- 
out careful  observation,  and  the  whole  mass,  when  dug  down  for 
use,  is  scarcely  distinguishable  from  many  common  and  barren 
sub-soils,  or  clay  river  cliffs,  of  like  colour.  Two  thin  but  con- 
tinuous and  separate  layers  of  almost  stony  hardness  extend 
through  the  whole  bed.  These  contain  from  85  to  90  per  cent, 
of  carbonate  of  lime,  and  may  be  burnt  to  excellent  quick-lime 
for  cement.  The  marl  intervening  with  these  hard  layers  is  simi- 
lar to  them  in  colour  and  general  appearance ;  but  is  quite  soft  and 
mellow  in  handling,  and  in  that  respect  differs  from  all  other  known 
marls.  The  very  uniform  calcareous  proportion  of  this  part  is 
about  53  per  cent. ;  and  taking  an  equal  section  of  the  whole 
thickness  of  the  bed,  and  with  the  greatest  care  to  obtain  a  fair 
average  sample,  the  strength  in  carbonate  of  lime  was  found  to  be 
62  per  cent.  This  is  far  less  of  calcareous  matter  than  is  con- 
tained by  many  miocene  marls  which  show  less  effect  than  this  as 
manure.  But  besides  its  calcareous  matter,  this  eocene  marl  has 
some  little  gypsum,  some  kind  of  saline  matter  which  cattle  are 
fond  of  licking  (believed  to  be  sulphate  of  alumina)  and  some 
amount  of  the  granules  of  "  green-sand" — and  more  of  this  than 
most  of  the  miocene  marls.  The  other  earth  of  this  marl  is  mostly 
of  yellowish  clay,  and  composed  mostly  of  argillaceous  than  sili- 
cious  matter.  I  confess  that  all  these  additional  ingredients,  toge- 
gether,  do  not  seem  to  me  sufficient  to  account  for  the  superiority 
which  this  marl  exhibits  as  manure. 

Though  this  peculiar  kind  of  marl  was  so  early  known,  and  its 
value  appreciated,  and,  though  it  underlies  the  whole  of  Coggins 
Point,  yet  it  is  covered  there  so  deeply  by  the  overlying  earth,  and 
is  therefore  so  difficult  to  work  expensively,  and,  moreover,  is  so 
distant  from  the  main  body  of  the  farm,  that  this  has  not  been 
applied  to  more  than  65  acres,  out  of  some  700  marled  on  that 
farm.  Other  proprietors  have  elsewhere  made  much  more  extensive 
applications  of  this  marl.  The  peculiar  effects  of  this  kind  of  marl 
were  tested  with  the  most  accuracy  by  Messrs.  Collier  H.  Minge, 
then  of  Walnut  Hill,  and  Hill  Carter,  of  Shirley ;  both  of  whom 
used  this  marl  from  Coggins  Point,  water-borne  to  distances  of 
twelve  and  fifteen  miles.  Though  the  marl  was  given  to  them  (in 
the  bed),  it  was  yet  very  costly  in  the  labour  of  digging  and  trans- 
portation ;  and  therefore  they  used  it  with  strict  economy,  and 
carefully  estimated  the  results.     But  highly  as  they  both  thought 
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of,  and  have  reported  the  effects,*  in  comparison  with  either  lime 
or  miocene  marls,  the  expense  and  trouble  were  so  great,  that  it  is 
now  considered  by  some  of  the  most  judicious  farmers  on  the  tide- 
water rivers,  that  they  can  better  afford  to  buy  stone-lime,  at  its 
present  low  price  (8  to  10  cents  the  bushel),  than  to  transport 
marl  of  any  kind  by  water.  This,  however,  is  an  erroneous  esti- 
mate. A  bushel  of  such  marl  is  worth  more  as  manure,  than  a 
bushel  of  slaked  lime  (though  slower  in  operation),  and  can  be 
transported  twenty  to  forty  miles  by  water,  and  delivered  for  4 
cents  the  bushel. 

Since  the  foregoing  pages  were  written,  I  have  learned  of  two 
farther  exposures  of  this  body  of  eocene  marl.  One  is  four  miles 
north  of  Evelynton  (in  Charles  City  county),  where  the  marl  was 
reached  and  penetrated  by  the  digging  of  a  well  in  1814.  At 
about  thirty  feet  deep,  after  passing  through  the  marl,  and  a  layer 
of  rock,  water  was  reached,  which  rose  to  the  top  of  the  well,  and 
continues  to  flow  over,  forming  the  only  Artesian  well  known  in 
this  region.  The  other  locality  is  in  Henrico  county,  on  Turkey 
Island  creek,  its  eastern  boundary,  and  about  eight  miles  north  of 
City  Point.  This  marl  I  recognised  to  be  the  same,  by  a  specimen 
recently  brought  me  for  examination.  It  is  below  the  surface  of 
swampy  ground,  and  is  coloured  dark  gray.  It  is  much  fuller  of 
green-sand,  and  indeed  in  that  respect  makes  some  approach  to  the 
green-sand  marls  of  the  Pamunkey,  of  which  the  nearest  exposure 
is  only  sixteen  miles  from  this  place.  It  is  probable  that  the  marl 
extends  continuously  from  the  one  place  to  the  other,  and  may  be 
found  throughout  the  interval  by  deep  digging.']' 

(c)    The  Gypseous  Earth  or  Green  Earth  of  James  River. 

Before  proceeding  to  consider  the  next  and  only  remaining 
known  variety  of  our  marls,  the  eocene  green-sand  marl,  it  is  ne- 

*  See  Farmers'  Register,  vol.  v.,  pp.  189,  247,  511. 

t  After  the  publication  of  this  report,  I  first  learned,  from  the  examina- 
tion of  hand  specimens,  that  eocene  marl  was  exposed  on  the  new  railway 
route  between  Fredericksburg  and  the  Potomac  river.  The  specimens  ex- 
hibited to  me  were  very  hard,  and  seemed  (to  the  eye)  to  be  also  poor. 

The  most  extensive,  rich,  and  valuable  body  of  marl,  of  the  Atlantic 
States,  is  eocene,  and  which  I  first  knew,  and  then  examined  extensively, 
during  my  Agricultural  Survey  of  South  Carolina,  in  1843.  This  im- 
mense body  extends  across  lower  South  Carolina,  and  also  the  connected 
parts  of  both  North  Carolina  and  Georgia.  The  bed  is  full  300  feet  thick 
under  Charleston,  and  of  unknown  depth  elsewhere.  It  contains  usuallv 
from  65  to  90  per  cent,  of  carbonate  of  lime — ^has  but  few  whole  or  distin- 
guishable fragments  of  shells  remaining — and  is  of  more  homogeneous 
appearance  and  firm  or  stony  texture  than  any  other  beds  of  marl. 


GYPSEOUS  EARTH  OE  JAMES  RIVER.         455 

cessary  to  treat  in  advance  and  separately  of  the  peculiar  earthy 
compound,  called  "green-sand"  by  geological  writers,  of  which  the 
large  admixture,  and  sometimes  even  larger  propertion,  or  other- 
wise some  other  ingredient  usually  accompanying  the  green-sand, 
gives  additional  value  and  peculiar  character  and  action  to  the  greater 
number  and  quantity  of  the  eocene  marls  yet  known  in  Virginia. 
But  important  and  valuable  as  may  be  the  green-sand  in  itself,  and 
necessary  to  be  considered  in  connexion  with  the  subject  of  eocene 
marl,  with  which  it  is  so  inseparably  connected,  I  wish  especially  to 
avoid  confounding  the  two  earths  under  one  name  or  one  character ; 
and  to  be  understood  as  protesting  against  the  prevalent  error,  in 
giving  currency  to  which  scientific  writers  have  concurred  with  the 
unlearned  cultivators,  of  applying  to  the  non-calcareous  green-sand 
earth  the  name  of  "marl,"  and  thus  adding  another,  and  the  most 
important,  to  the  many  previous  misapplications  of  this  wonderfully 
misused  and  misunderstood  term.  This  misapplication  is  universal 
in  New  Jersey,  where  the  green-sand  earth  is  most  abundant,  and 
is  generally  very  rich  in  its  distinguishing  ingredient  (usually  con- 
taining 75  to  90  per  cent,  of  pure  green-sand),  and  where  this  earth 
has  been  long  and  is  now  extensively  used  as  a  manure,  and  has 
been  found  to  be  of  great  value  as  a  fertilizer.  I  shall  hereafter 
refer  to  both  the  points  of  resemblance  and  of  difference  (both  of 
which  are  important  and  interesting,)  between  this  green  earth  of 
New  Jersey  and  that  of  James  river ;  but,  for  the  present,  my  re- 
marks will  be  confined  to  the  latter,  and  its  use  as  manure,  as 
known  principally,  and  indeed  almost  entirely,  from  my  own  ob- 
servations and  practical  experience,  there  having  as  yet  been  but 
few  trials  of  it  made  by  other  persons. 

It  was  mentioned  in  the  foregoing  section,  that  the  first  notice  or 
observation  of  the  eocene  marl,  on  James  river.  Was  induced  by  the 
previous  discovery  and  examination  of  the  green  or  gypseous  earth 
— the  latter  being  the  universal  underlying  bed  of  the  former,  and 
connected  with  it  in  more  respects  than  merely  its  subjacent  posi- 
tion. It  was  my  chance,  or  the  result  of  habits  of  observation  of 
marls  and  other  earths,  and  not  of  any  scientific  knowledge  or  pre- 
vious preparation  for  such  investigations,  which  led  me,  in  1817,  to 
be  the  first  to  observe  this  bed  of  green  earth  in  the  river  banks  of 
Evergreen  and  Coggins  Point,  and  to  trace  it  where  visible  along 
the  intermediate  ground,  a  distance  of  about  eight  miles.  Since 
then,  it  is  known  to  be  much  more  extended  ;  for  it  not  only  under- 
lies all  the  eocene  marl  of  the  same  neighbourhood,  wherever  that  is 
found,  and  part  of  the  yellow  sandy  miocene,  but  also  extends  be- 
yond, and  is  found  at  various-places  where  no  eocene  or  even  mio- 
cene marl  is  present.  The  most  western  limit,  seen  after  a  long  in- 
terval, or  concealed  existence  of  this  formation,  is  at  Petersburg, 
where  it  shows  in  the  ravines  south  of  Poplar  Lawn. 
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What  first  directed  my  attention  to  this  earth  was  the  existence 
in  the  river  bank  at  Evergreen  (the  place  of  my  birth,  and  of  resi- 
dence in  early  life,)  of  curiously  shaped  and*  beautiful  crystals, 
which  subsequently  I  learned  were  selenite  or  gypsum.  The  like 
crystals  (though  much  smaller  in  size)  I  soon  after  found  in  differ- 
ent places  at  Coggins  Point,  my  own  farm  and  then  residence.  And, 
in  making  examinations  for  this  purpose,  I  observed  that  wherever 
any  gypsum  could  be  found,  it  was  always  in  a  peculiar  kind  of 
earth,  which,  though  varying  much  in  appearance  in  different  places, 
and  at  different  elevations  at  the  same  place,  yet  possessed  charac- 
teristic marks  by  which  it  could  be  easily  distinguished  from  all 
others.  This  was  the  earth  in  question.  For  want  of  any  known 
or  more  appropriate  name,  I  at  first  applied  the  term  "  gypseous 
earth"  to  this  deposit ;  and  though  I  subsequently  abandoned  this 
name  in  (undeserved)  deference  to  scientific  authority,  and  have 
used  instead,  in  my  later  publications,  the  name  "  green-sand  earth/' 
I  now  believe  that  my  original  term  (in  reference  to  the  more  gene- 
ral and  universal  manuring  qualities)  was  the  better  of  the  two,  for 
reasons  which  will  appear  in  the  course  of  these  remarks.  And 
besides  that  "  green-sand  earth"  is  inconvenient  for  its  length,  it  is 
not  truly  descriptive  ;  for  the  entire  granules  from  which  the  pe- 
culiar character  of  the  earth  is  derived,  are  not  green,  but  black 
superficially,  or  so  appear ;  and  are  not  what  is  usually  understood 
as  sand,  but  in  texture  are  like  fine  and  unctuous  clay.  Still  worse 
is  it  to  term  the  whole  mass  "  green-sand,"  as  is  usually  done  when 
the  pure  "green-sand,"  even  if  that  were  properly  named,  may  not 
form  one-fourth  or  even  one-tenth  of  the  whole  mass  of  earth.  I 
therefore  would  prefer  for  the  deposit,  and  shall  use  indifferently, 
either  my  first  designation  of  gypseous  earth,  or  the  name  of  green, 
earth,  which  latter  is  convenient,  is  sufficiently  descriptive,  and, 
moreover,  affirms  nothing  except  as  to  the  colour,  which  is  generally 
manifest  in  the  whole  mass,  and,  if  not,  is  certainly  so  in  the  sepa- 
rated and  mashed  granules,  which  distinguish  the  earth. 

As  the  lower  part  of  the  river  bank  is  mostly  exposed  and  kept 
bare  by  the  frequent  washing  by  the  waves  driven  by  strong  winds 
and  high  tides,  the  bed  of  gypseous  earth  can  be  easily  traced 
through  nearly  its  whole  course  along  the  river  side.  As  thus  ex- 
posed to  view,  it  has  generally  a  green  colour,  most  frequently  in- 
termixed and  mottled  with  smaller  streaks  and  spots  of  bright  yel- 
low. The  earth,  as  seen  firm  in  the  bank,  and  with  a  smooth  wast- 
ed surface,  might  be  supposed  to  be  somewhat  of  a  clay;  but,  on 
handling  it,  and  breaking  down  a  lump,  its  texture  is  more  like 
sand ;  as  indeed  the  larger  proportion  of  the  mass  is  silicious  sand. 
A  very  general  distinguishing  mark  of  this  earth  is  its  containing 
numerous  hollow  impressions  of  eocene  shells,  of  which  the  forms 
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remain  perfect,  though  neither  the  shells  themselves  nor  any  portion 
of  their  calcareous  substance  remain,  as  the  earth  in  this  part,  and 
where  most  generally  seen,  contains  not  a  particle  of  carbonate  of 
lime.  Among  the  yellow  spots  there  are  also  other  small  spots  and 
streaks  of  reddish  brown-coloured  clay,  very  pure,  soft  and  unctuous 
to  the  touch.  The  bright  yellow  clay  is  doubtless  largely  impreg- 
nated with  iron,  or  is  a  true  ochre.  Though  soft  within  the  bed, 
this  yellow  ochre  hardens  when  exposed  to  the  air  on  the  outside, 
and  even  when  under  water.  Many  of  the  yellow  spots  made  by 
this  ochre,  as  seen  on  the  surface  of  a  smooth  section  of  the  bed, 
have  a  faint  resemblance  to  the  shape  of  sections  of  bivalve  shells ; 
and  these  contrasted  with  the  general  green  ground,  and  with  the 
exception  of  the  colours  being  different,  give  to  such  a  section  of 
the  bank  somewhat  the  appearance  of  the  beautiful  black  marble 
used  sometimes  for  mantel-pieces,  in  which  the  white  traces  of  what 
were  formerly  shells  show  throughout.  In  some  places  near  to  and 
below  the  beach,  the  earth  is  seen  much  darker  coloured,  indeed  is 
almost  black  when  moist  in  the  bank,  though  more  of  dark  and 
dull  green  when  dry.  This  deeper  colour  is  owing  to  the  green 
granules  being  present  in  larger  quantity ;  and  generally,  if  not 
always,  the  lower  part  of  the  bed  of-  earth  is  richer  in  that  ingre- 
dient than  the  upper.  The  empty  impressions  which  were  former- 
ly filled  by  shells  are  still  found  in  penetrating  below  j  but  as  the 
depth  increases,  first  are  seen  some  fragments,  and  then  whole  shells, 
though  greatly  decayed,  and  thfe  parts  having  scarcely  any  coherence. 
Still,  generally,  even  below,  where  these  shells  are  most  abundant, 
their  quantity  would  not  furnish  as  much  as  two  per  cent.,  and  gene-- 
rally  not  one  per  cent.,  to  the  whole  thickness  of  the  bed;  and, 
therefore,  the  carbonate  of  lime,  though  of  course  useful  in  pro- 
portion to  its  quantity,  can  give  no  appreciable  addition  of  value 
to  the  mass  as  manure. 

Here  and  there,  but  rarely,  in  the  upper  and  dry  part  of  this  bed, 
crystals  of  gypsum  are  found,  generally  so  small  as  to  be  barely 
distinguishable  by  the  eye.  In  the  lower  and  wet  part,  gypsum  is 
never  visible ;  but  it  is  nevertheless  believed  to  be  always  present 
in  some  proportion. 

But  the  important  and  most  characteristic  mark  of  the  green 
earth  is  present  in  the  black  granules  called  "  green-sand,"  which 
give  colour  to  the  mass.  To  ascertain  the  presence  of  these  gra- 
nules, let  a  small  sample  of  the  earth  or  marl  supposed  to  contain 
them  be  dried,  and  then  crumbled  between  the  fingers,  or,  if  too 
hard  for  that,  by  being  rubbed  in  a  mortar,  not  too  finely  and  closely. 
Then  take  a  pinch  of  the  powder  between  the  thumb  and  finger,  and 
sprinkle  it  very  thinly  over  a  piece  of  white  paper.  If  any  of  the 
separated  grains  appear  black  (or  green),  mash  one  of  them  with 
39 
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the  moistened  point  of  a  pen-knife;  and  if  it  be  "green-sand,"  the 
granule  will  mash  like  fine  soapy  clay,  and  make  a  vivid  green 
smear. 

For  greater  accuracy,  let  the  earth  (or  marl)  be  well  washed  by 
agitation  in  water,  and  pour  off  the  pure  clay  and  other  lighter  mat- 
ters which  will  remain  longer  suspended  in  the  fluid.  The  grains 
of  green-sand  will  then  be  left  with  nothing  else  but  the  quartz  or 
silieious  sand,  and  moreover  the  former  will  be  made  more  percepti- 
ble, in  consequence  of  being  cleared  by  the  washing  of  any  previous 
covering  of  fine  clay. 

My  &:st  published  account  of  this  earth  was  made  in  or  about 
the  year  1828,  in  the  old  series  of  the  "  American  Farmer."  A 
much  more  extended  article  "  On  the  Gypseous  Earth  of  James 
Eivcr,"  I  afterwards  published,  July,  1833,  in  the  first  volume  of 
the  Farmers'  Kegister,  beginning  at  page  207.  Though  up  to  that 
time  I  had  never  so  much  as  heard  of  the  term  "green-sand,"  and 
though  I  adopted  and  used  the  new  and  unauthorized  designation 
of  gypseous  earth,"  the  earth  in  question  was  described  so  minutely 
and  accurately  that  it  was  impossible  for  any  intelligent  and  atten- 
tive reader  of  the  article,  and  subsequent  observer  of  the  kind  of 
earth  in  question,  to  mistake  the  subject  of  description.  In  this 
piece  I  also  asserted  the  identity  of  this  gypseous  earth  with  the 
"  green  marl"  of  New  Jersey.  I  trust  that  I  may  be  pardoned  for 
thus  specifying  my  claim  to  the  first  discovery  of  this  earth  in  Vir- 
ginia, inasmuch  as  that  merit  (if  it  be  one)  would  be  ascribed  by 
every  otherwise  uninformed  reader  of  the  first  report  of  the  geolo- 
•  gical  survey  of  Virginia,  and  some  other  of  the  publications  from 
the  same  source,  to  the  author  of  these  pieces.*  Upon  this  occasion, 
it  would  be  improper  to  say  more  on  this  question  than  thus  con- 
cisely and  explicitly  to  assert  my  just  rights. 

Before  proceeding  to  offer  the  more  precise  and  more  valuable 
information  concerning  this  earth  obtained  by  very  recent  investi- 
gations, it  will  be  proper  to  state  something  of  the  progress  and 
changes  of  opinion  on  this  subject,  which  operated  at  different 
times  either  to  encourage  or  to  obstruct  the  use  of  this  earth  as 
manure. 

From  1818  to  1835  inclusive,  I  made  numerous  trials,  and  in 
some  cases  extensive  applications  of  the  Coggins  Point  gypseous 
earth  as  manure.  The  results  of  my  general  practice,  and  also  of 
many  particular  experiments,  noted  at  the  times  when  made,  were 
reported  in  a  communication  to  the  Farmers'  Register,  commencing 
at  page  118,  vol.  ix.  The  effects  stated  were  very  different  and 
apparently  contradictory — sometimes  beneficial  and  profitable  in  a 
remarkable  degree,  but  more  generally  of  little  value,  or  of  no 

*  Professor  W.  B.  Rogers,  formerly  Geological  Suiveyor  of  Virginia. 
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benefit  whatever.  The  inferences  which  I  drew  from  all  my  expe- 
rience (and  there  existed  scarcely  any  other  known  facts  or  experi- 
ments), were  that  this  earth  as  manure  acted  in  the  same  manner 
as  gypsum,  though  more  powerfully— and  in  no  other  manner  than 
as  gypsum  would  under  like  circumstances;  that  like  gypsum,  on 
my  land  certainly,  and  as  I  inferred  in  our  tide-water  region  gene- 
rally, this  earth  had  no  effect  whatever  on  any  acid  soils — and  rarely 
on  any  other  crop  than  clover  (and  other  leguminous  plants),  even 
when  properly  applied  on  neutral  or  calcareous  soils ;  and'that  when 
naturally  acid  soils  were  made  calcareous  hy  being  marled,  this 
green  earth  then  became  generally  operative  thereon  as  a  manure 
for  clover  (and  for  other  plants  of  the  clover  or  pea  tribe),  in  the 
same  manner  as  is  usual  in  regard  to  gypsum.*  And  though  the 
effects,  when  any  were  produced,  were  greater  than  those  of  any 
usual  or  known  dressings  of  gypsum,  and  sometimes  in  a  very  re- 
markable degree,  still  the  failures  and  disappointments  were  so  many 
that  I  did  not  deem  the  practice  worth  being  continued.  In  1841, 
my  son,  the  present  occupant  of  the  Coggins  Point  farm,  at  my 
request,  recommenced  the  applications  of  gypseous  earth,  for  ex- 
periment; and  on  the  clover  of  this  year,  1842,  he  has  extended 
the  dressings  over  more  than  60  acres.f  The  results  were,  as  in 
former  years,  very  unequal,  and  for  the  greater  space  of  ground 
covered,  unprofitable,  and  barely  if  at  all  perceptible.  But  on  25' 
to  30  acres  the  beiiefit  was  remarkably  great,  and  in  some  cases  (of 
summer  dressings)  improvement  was  obvious  within  ten  days  after 
the  application.  But  what  was  most  interesting  in  the  results  was, 
that  a  clue  seemed  to  be  thereby  furnished  to  explain  the  frequent 
previous  failures  of  this  manure,  even  when  applied  to  clover  grow- 
ing on  neutral  or  calcareous  soil,  which  are  the  only  circumstances 
in  which  it  has  ever  been  found  profitable  in  practice.  My  former 
applications  had  been  generally  made  from  the  upper  and  greener 
stratum  of  the  gypseous  earth  (designated  in  a  succeeding  page  as 
C),  or  if  from  the  lower  and  blacker  part  (-D),  the  digging  did  not 
penetrate  more  than  a  foot,  or,  at  most  and  rarely,  two  feet  below 
the  before  exposed  outer  surface.  But  in  the  recent  larger  opera- 
tion, the  digging  (made  on  the  river  beach)  was  so  much  more  ex- 
tensive, as  to  furnish  earth  from  depths  of  three  or  four  feet,  as  well 
as  of  portions  nearer  to  and  at  the  surface-  I  ascribed  the  remarka- 
ble differences  of  effect  to  the  kind  and  place  of  the  earth;  inferring 
that  the  exposed  parts,  and  all  perhaps  near  the  surface,  had,  by 
exposure  to  air  or  water,  lost  a  large  proportion  of  the  soluble  or 

*  See  these  views  more  fully  set  forth  in  the  article  above  referred  to, 
and  also  in  another  on  the  green-sand  marls  of  Pamunkey,  at  pp.  679  and 
690,  vol.  viii.  Farmei's'  Register. 

f  See  the  facts  and  results  stated  in  two  communications  to  Farmers' 
Register,  pp.  86,  135  and  252,  vol.  x. 
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decomposable  fertilizing  ingredients.  As  the  applications  bad  not 
been  made  with  any  view  to  this  question,  the  experiments  are  not 
to  be  deemed  as  conclusive,  and  the  correctness  of  this  inference  is 
yet  to  be  fairly  tested  by  future  experiments.*  But-  the  benefits 
from  some  of  the  dressings,  and  all  of  those  supposed  to  be  from 
the  deeper  digging,  were  so  great,  and  so  speedily  produced,  that 
renewed  and  strong  interest  was  excited  in  regard  to  this  manure. 
The  quantity  applied  was  generally  40  bushels  of  the  earth  to  the 
acre.  And  this  quantity  seemed  (from  an  accurate  comparative 
experiment)  to  produce  as  much  benefit  as  200  bushels.  The 
growth  of  clover  was  increased  in  degrees  varying  from  100  to  300 
per  cent.  And  where  the  application  was  most  successful,  the  in- 
crease and  profit  were  sufficient  to  compensate  the  expense,  even 
though  no  further  benefit  shall  be  found  than  in  this  one  crop — or 
that  a  new  application  shall  be  required,  and  be  made,  for  every 
succeeding  crop  of  clover,  or  once  in  each  round  of  the  rotation  of 
crops. 

An  observation  made  by  accident  last  spring  led  to  further 
chemical  as  well  as  other  examinations  of  this  earth,  and  to  im- 
portant results.  Upon  heating  a  lump  of  it  to  red  heat,  I  found 
that  strong  fumes  were  thereby  extricated,  which  were  almost  suf- 
focating if  inhaled  incautiously.  The  odour  was  manifestly  sul- 
phureous in  part,  and  principally ;  but  it  seemed  not  altogether  so, 
but  to  be  mixed  with  some  other,  much  like  that  of  muriatic  acid 
gas.  Similar  trials  were  made  on  many  specimens,  and  all  the 
darker  and  (as  supposed)  richer  layers  of  the  green  earth  at  Cog- 
gins  Point  showed  the  like  result.  Prom  specimens  of  the  upper 
and  lighter  green  stratum  ( G)  when  heated  red,  there  was  nothing 
of  this  suffocating  odour  produced.  And  it  may  be  useful  to  state 
here,  in  anticipation  of  subjects  to  be  hereafter  more  fully  consi- 
dered, that  I  subsequently  found  that  the  New  Jersey  green-sand 
earths  yielded  not  a  particle  of  this  gaseous  product. 

This  odour,  so  far  as  it  was  sulphureous,  was  obviously  the  pro- 
duct of  the  decomposition  (by  red  heat)  of  sulphuret  [or  bi-sulphu- 
ret]  of  iron — which  was  thus  proved  to  be  universally  diffused, 
though  invisible,  through  all  the  darker  and  better  kinds  of  this 
earth.  Sulphur  would  have  shown  like  results,  with  a  much  less 
degree  of  heat ;  but  it  could  not  be  that,  because  the  heat  sufficient 
to  decompose  sulphur  (and  to  evolve  its  fumes)  had  no  such  effect 
on  the  earth.  I  also  observed  that  lumps  of  the  earth,  after  having 
been  applied  as  manure,  and  exposed  on  the  surface  of  the  ground 
for  some  months,  often  had  a  smell  of  sulphur;  and,  in  some  cases, 

*  Subsequent  experiments  have  not  sustained  the  above  idea.  But  the 
results,  though  not  uniform,  have  been  so  generally  beneficial  on  clover, 
that  this  earth  is  applied  to  from  60  to  80  acres  every  year. 
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the  same  efiFect  was  exhibited  in  specimens  taken  from  the  diggings, 
and  kept  dry.  The  sulphuret  of  iron,  if  universally  present,  would, 
by  its  decomposition  in  contact  with  carbonate  of  lime  (as  when  on 
calcareous  land),  form  sulphate  of  lime  (gypsum).  This  showed  a 
source  for  the  universal  supply  of  that  manure  to  some  extent. 
Further,  my  friend  Mr.  M.  Tuomey,*  had  found  sulphate  of  lime 
ready  formed  in  specimens  of  wet  earth,  which  I  supposed  the  least 
likely  to  retain  that  ingredient — and  thus  was  indicated  another  and 
more  general  supply  of  gypsum  already  formed. 

The  increased  interest  excited  by  these  new  observations,  and 
also  the  new  views  as  to  the  cause  of  the  failures  of  most  of  the 
former  applications  of  this  manure,  induced  the  sinking  of  a  pit  in 
the  gypseous  earth,  on  the  river  beach  at  Coggins  Point,  to  the 
depth  of  18  feet  below  ordinary  high  tide.  This  digging  for  the 
lower  13  feet  was  in  a  very  compact  and  fine  clay  (JE'),  or  clay  marl, 
as  it  would  have  been  designated  in  England,  from  its  texture  and 
sensible  qualities,  but  which  contained  no  visible  or  apparent  fer- 
tilizing ingredient,  except  a  very  small  sprinkling  of  shells,  and 
elsewhere  some  little  sulphuret  of  iron  in  small  lumps  and  in  minute 
crystals,  visible  in  a  few  detached  spots  only.  The  appearances 
promised  so  little  of  value  or  remuneration  (and  less  so  as  the  dig- 
ging was  sunk  lower),  that  the  work  was  suspended.  But  the 
blacker  earth  above  (^D)  and  also  the  clay  (E)  were  carried  out  for 
experiment  on  clover  (May  26th),  of  whica  the  first  crop  had  just 
been  grazed  ofiF  closely,  and  the  cattle  removed.  As  the  season  was 
so  far  advanced,  and  benefit  so  little  counted  on,  the  covering  was 
made  heavier  than  in  the  winter  and  early  spring  before  (and  of 
which  the  full  benefit  had  been  already  seen  on  the  first  or  spring 
crop  of  clover) ;  100  bushels  of  the  upper  and  better  earth,  or  150 
of  the  clay,  being  applied  to  the  acre.  A  good  rain  fell  the  next 
night  J  and  in  less  than  ten  days  there  were  visible  and  manifest 
bsneficial  effects  from  both  kinds  of  earth,  but  better  from  the  upper 
— which  efiects  increased  to  fully  the  doubling  of  the  growth  by  the 
1st  of  August.  The  hard  lumps  of  the  compact  clay  soon  split 
and  crumbled  when  exposed  to  the  air,  and  even  without  rain.  The 
remarkable  benefits  of  these  applications  induced  the  resuming  of 
the  digging,  and  another  and  much  deeper  pit  was  dug  as  early  as 
the  other  labours  of  the  farm  permitted,  and  a  statement  will"  pre- 
sently be  made  of  the  section  thereby  exposed.  But  previous  to 
this,  it  is  proper  to  describe  another  like  operation,  and  its  results, 
at  a  more  interesting  locality. 

The  same  general  appearance  of  the  gypseous  earth,  and  mostly 
of  the  poorer  kind  of  greenish  colour,  mottled  with  pale  yellow  clay, 

*  Now  Professor  of  Geology  and  Agricultural  Chemistry  in  the  Uniyer- 
Bity  of  Alabama. 
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is  exhibited  all  along  the  river  bank  of  Coggins  Point  and  the  lands 
above,  to  the  Evergreen  farm — interrupted  only  by  the  parts  of 
marshy  or  more  ancient  alluvial  lands;  or  where  the  stratum  has 
been  broken  and  concealed  by  the  ancient  land-slips  which  have 
greatly  altered  the  original  levels  and  form  of  the  surface  of  that 
whole  stretch  of  land  bordering  on  the  river  a.nd  overlying  the 
gypseous  earth  formation.  This  operation  by  the  land  slipping  and 
sinking  continues,  and  some  new  effects  are  seen  every  year.  At 
many  places  along  this  stretch,  gypsum  is  perceptible  in  the  green 
earth,  either  in  crystals  or  in  powder,  and  sometimes,  and  rarely,  in 
considerable  proportion,  say  from  5  to  15  per  cent,  of  the  whole 
mass  for  very  limited  spaces.  At  the  upper  part  of  the  river  line 
of  the  Evergreen  farm  (at  the  mouth  of  Bayley's  creek,  and  two 
miles  below  City  Point),  the  river  bank  has  peculiar  and  remarkable 
features,  which  deserve  particular  notice.  It  was  here,  in  1817,  that 
I  first  discovered  this  green  earth  formation,  and  thence  traced  it  to 
my  own  farm  and  then  residence,  Coggins  Point,  and  elsewhere  in 
that  neighbourhood. 

The  lower  visible  part  of  the  body  of  gypseous  earth  at  Ever- 
green is  laid  bare  by  the  wasting  encroachment  of  the  river  (by 
which  it  is  rapidly  washing  away),  for  200  yards  in  length.  The 
southern  or  upper  extremity,  for  some  20  yards,  approaches  nearly 
in  appearance  to  the  general  character  of  the  upper  stratum  before 
described.  But  all  the  remainder  is  different,  and  much  richer  in 
the  dark  or  green  granules  than  generally  elsewhere. 

Since  this  article  was  commenced,  Capt.  H.  H.  Cocke,  the  pre- 
sent proprietor  of  Evergreen,  at  my  suggestion  and  request,  had  a 
shaft  dug  for  examination,  which,  with  an  extension  of  my  own  after 
he  had  ceased  his  operations,  added  to  the  natural  and  higher  ex- 
posure of  the  section,  27  feet  below  the  beach,  and  25  below  com- 
mon high  tide.  The  several  strata  of  the  whole  section,  and  their 
variations,  will  be  described  in  their  descending  order. 

At  top — 
1st.  Surface  soil  (sloping  back  irregularly  to  the  table  land,  which 
is  much  higher),  on  (2d)  gravelly  and  sandy  sub-soil,  pervious  to 
water,  of  various  depths — lying  on  strata  nearly  all  horizontal. 
Next, 
10  feet  of  yellow  sandy  miocene  marl. 
8  feet  of  yellowish  clay  (supposed  eocene),  intermixed  throughout 
with  very  small  crystals  and  powder  of  sulphate  of  lime — the  clay 
not  compact  or  solid,  but  open  and  loose  throughout.    (Query  :  Is 
not  this  the  equivalent  of  the  eocene  marl  at  Coggins   Point, 
with  its  former  shells  and  carbonate  of  lime  completely  changed 
to  sulphate  of  lime,  and  the  greatest  proportion  dissolved  and 
lost?) 
5  feet  of  gypseous  earth — the  general  colour,  green  mottled  and 
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Streaked  with  yellow  ochre,  and  full  throughout  of  very  minute 
crystals  of  sulphate  of  lime,  supposed  by  the  eye  to  be  about  10 
to  15  per  cent,  of  the  whole  mass.  No  shells  or  casts  seen  in 
the  part  exposed  by  digging  for  examination. 

7  feet  of  brownish  mottled  clay,  feeling  smooth  and  soapy,  con- 
taining numerous  small  crystals  of  sulphate  of  lime. 

9  feet  very  pure  white  clay  or  fuller's-earth,  in  horizontal  layers, 
separated  by  veins  of  the  yellow  clay  (or  iron  ochre)  before- 
mentioaed,  other  veins  of  the  same  sometimes  also  inclined  and 
crossing  the  horizontal  veins — the  outsides  of  the  lumps  of  clay 
coloured  by  oxide  of  iron.  The  clay  all  broken  into  irregular 
lumps,  as  if  the  fissures  had  been  formed  by  the  contraction  in 
drying  of  clay  soft  and  distended  with  wetness.  No  shells,  nor 
appearance  of  them,  but  many  pure  and  transparent  and  beauti- 
ful crystals  of  sulphate  of  lime  here  and  there,  some  weighing 
several  ounces.   This  stratum  changing  gradually  into  the  next  of 

4  feet  of  dark  bluish  clay,  the  colouring  matter  being  green-sand, 
mottled  with  irregular  streaks  of  bright  yellow,  becoming  brown 
below  where  oozing  water  begins  to  show  and  is  reddish  with 
sulphate  of  iron,  or  other  ferruginous  matter  in  solution.  This 
stratum  full  of  large  and  solid  crystals  of  sulphate  of  lime, 
amounting  apparently  to  from  20  to  25  per  cent,  of  the  whole 
mass— =-the  crystals  coloured  dark  gray,  because  of  some  impu- 
rities in  small  grains  (green-sand  ?)  being  enclosed  and  diffused 
through  them.     No  shells.     This  changing  into  the  next,  of 

11  feet  of  same  dark  or  nearly  black  clay,  nearly  uniform  colour, 
and  still  compact  texture,  and  feeling  smooth  and  soapy — with 
very  few  crystals,  and  much  less  sulphate  of  lime  than  the  pre- 
ceding, but  many  small  and  scattered  eocene  white  shells,  quite 
rotten,  and  being  moist,  as  soft  as  dough.  The  shells,  mostly 
several  kinds  of  very  large  turritellse.  Fewer  shells  as  descend- 
ing. At  top  of  the  stratum  some  large  and  very  perfect  speci- 
mens of  the  ostrca  comjpressirostra  (?)  To  level  of  the  river  at 
common  high  tide. 
Below  high  tide. 

14  feet  very  similar  to  the  last,  the  shells  very  few  for  the  greater 
part,  but  increasing  near  the  next.  No  crystals  or  other  sulphate 
of  lime  visible.  The  green-sand  granules  coarser — sometimes 
in  small  lumps  quite  pure,  or  unmixed  with  anything  else. 
These  granules  breaking  easily,  though  as  if  hard  or  brittle,  and 
not  like  a  soft  soapy  clay  as  usual— though  as  green  as  before. 
Many  small  cylindrical  tubes  seen  (made  by  the  burrowing  of 
pholades,  or  other  shell-fish  of  the  like  habits),  which  seem  to 
be  formed  on,  or  coated  with  pure  green-sand  in  mass,  and  green 
in  colour,  and  the  hollows  filled  with  looser  black  granules. 

11  feet  of  shells  lying   generally  close  together,  and  serving   to 
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make  the  whole  stratum  a  calcareous  marl,  of  perhaps  30  per 
cent,  or  more  of  carbonate  of  lime — the  earth  filling  the  shells 
and  between  them  being  the  same  black  earth,  as  rich  as  before 
in  green-sand.  At  top,  some  very  large  and  perfect  shells  of 
ostrea  compressirostra,  and  another  much  thicker  ostrea,  not 
known.*  The  shells  mostly  very  large  turritellce  of  different 
species — near  bottom  fewer  of  these,  and  mostly  crassatellce. 
The  shells  nearly  as  numerous  as  before,  at  this  depth,  at  which 
the  digging  was  abandoned,  at  25  feet  below  tide. 

The  whole  section,  from  the  top  of  the  highest  undoubted 
eocene  stratum  to  where  the  digging  ceased  (without  any  indica- 
tion of  being  near  the  end),  is  61  feet — and  if  the  clay  and  gyp- 
sum stratum  below  the  miocene  be  added,  which,  though  not  cer- 
tain, I  believe  to  be  eocene,  there  would  be  69  feet.  And  if  this 
and  the  two  other  lower  clay  strata  be  deducted,  there  will  still  re- 
main 45  feet  of  strata  exposed,  all  rich  in  green-sand,  and  of  it  9 
feet  very  rich  also  in  sulphate  of  lime  or  gypsum,  and  11  feet  mode- 
rately rich  in  carbonate  of  lime.  Such  a  deposit  is  well  worth  the 
examination  of  geologists  and  chemists,  and  the  trial  of  farmers."}" 

It  was  remarkable  that  at  this  place  only  of  all  the  usual  strata 
of  all  the  then  known  deposits  of  green-sand  or  eocene  marl  in 
Virginia,  were  found  exposed,  the  shells  of  the  ostrea  compressi- 
rostra— and  below  tide  the  other  before  unknown  and  very  thick 
and  heavy  ostrea ; J  and  that  at  this  place  there  has  not  been  found 
a  single  shell  of  either  the  ostrea  selloeformis  or  cardita  plam- 
costa,  the  latter  of  which  is  so  abundant  through  all  other  knowu 
eocene  deposits,  and  the  former  in  the  calcareous  eocene  else- 
where. These  facts  seemed  to  indicate  (as  well  as  the  general 
dip  to  the  eastward)  that  the  strata  at  Evergreen  are  much  more 
elevated  than  the  same  at  Coggins  Point — and  that  by  digging 
deeper,  the  lower  and  all  the  strata  of  the  former  might  be  found 

*  One  of  these  last  (both  valves)  weighed  5  lbs.  Mr.  M.  Tnomey,  to 
whose  much  better  information  on  this  subject  I  ought  to  defer,  supposes 
this  very  large  and  heavy  shell  to  be  an  0.  compressirostra  of  unusual  age 
and  growth.  If  so,  however,  it  is  certainly  very  different  in  appearance 
from  that  shell,  as  usually  seen  higher  up  in  tbia  bed,  even  when  wider 
than  tiis  very  thick  and  heavy  ostrea. 

[f  The  lowest  known  layer  of  this  rich  deposit  has  since  been  traced 
three  miles  westward  to  City  Point ;  and  from  the  latter  place  the  marl  has 
been  used  extensively,  and  to  much  benefit.  1851.] 

J  This  last  shell  I  have  since  learned  (by  specimen)  is  also  found  in 
the  green-sand  marl  at  North  Wales,  near  the  upper  termination  of  the 
Pamunkey  bed — and  near  the  bottom  of  the  marl.  And  later  personal  in- 
spection has  shown  clearly  the  identity  of  the  deposits  and  the  fossils  at 
these  two  points ;  one  being  the  bottom  of  the  Pamunkey  bed,  and  the 
other  nearly  fas  is  presumed)  to  the  bottom  of  the  James  river  bed  of 
green-sand  marl. 
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at  other  parts  of  the  known  area  (before  described)  of  the  eocene 
formation. 

This  inference  added  to  other  considerations  caused  to  be  sunk 
the  second  shaft  above-mentioned  in  the  beach  of  Coggins'  Point, 
130  yards  distant  from  the  first  one,  which  by  this  time  had  been 
filled  completely  by  the  sand  driven  by  storms  and  high  tides.  The 
digging  was  made  at  a  low  part  of  the  bank,  and  which  therefore 
did  not  show  either  the  eocene  marl  or  the  miocene,  the  former  of 
which  is  seen  in  the  higher  bank  at  a  short  distance,  and  both 
together  at  the  distance  of  a  mile.  The  different  strata  of  the 
actual  section  at  the  new  digging,  taken  descending  from  the  top 
of  the  bank,  were  as  follows : — 

1  foot,  surface  soil — gray  loam. 

7  feet  of  (drift)  pale  yellow  clay,  containing  much  coarse  silicious 

sand. 
4  feet  (drift)  rounded  or  water-worn  pebbles,  of  all  sizes,  from  4 

inches  through  to  coarse  gravel,  held  together  by  enough  clay 

and  ferruginous  earth  to  fill  the  interstices  between  the  pebbles. 

None  of  the  pebbles  calcareous. 

2  feet  of  (drift)  very  thin  layers  of  hard  and  gritty  gray  clay, 
alternating  with  others  of  coarse  ferruginous  sand. 

2  feet  of  poor  greenish  earth,  more  than  half  the  surface  of  the 
section  brown  in  spots,  and  indurated  with  oxide  of  iron. 
(Here  should  be,  as  elsewhere  in  the  neighbourhood,  though 

absent  at  this  particular  locality,  either  one  or  both,  the  miocene 

marl  (A),  and  next  below  the  eocene  calcareous  marl  (jB)  described 

in  the  preceding  pages). 

( C)  9  feet  of  the  ordinary  upper  layer  of  gypseous  earth — green 
colour,  mottled  with  spots  of  bright  yellow  clay  (or  ochre),  and 
some  other  spots  of  unctuous  reddish  brown  clay.  Very  slight 
efflorescence  of  gypsum  on  the  surface. 

(D)  3  feet  of  darker  and  nearly  uniform  colour,  almost  black,  from 
the  greater  proportion  of  green-sand.  This  and  the  preceding, 
containing  many  impressions  of  shells,  but  no  shells  or  frag- 
ments, and  no  carbonate  of  lime.  More  efflorescence  of  gypsum, 
and  also  on  next — 

(JD)  3  feet  of  same,  except  that  some  shells  are  seen-r-and  increase 
in  the  next  to  level  of  river  at  common  high  tide. 

(I>)  6  feet  of  same  (next  below  tide) — the  shells  mostly  cardita 
planicosta — fewer  of  ct/therea  and  corbula.  No  ostrea  or  turri- 
iella.  Small  and  slender  shark's  teeth  (so  called)  in  perfect 
preservation,  the  points  and  edges  being  as  sharp  as  in  teeth  of 
the  living  animal. 

(E)  15  feet  bluish  gray  or  lead-coloured  clay  (from  6  to  22  feet 
below  tide),  having  nearly  the  texture  of  clay  marl.  Very  com- 
pact and  firm  in  texture — unctuous  to  the  touch,  but  not  adhe- 
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sive  or  tougb — does  not  bend  to  pressure,  but  breaks — cuts 
smooth,  except  when  the  edge  of  the  knife  meets  parts  of  shells, 
or  grains  of  silicious  sand,  which,  as  well  as  granules  of  green- 
sand,  are  irregularly  intermixed  throughout.  The  shells  very- 
rotten,  and  flattened  by  pressure.  Sometimes  in  masses,  or  thin 
bands  or  regular  layers,  becoming  less  and  less  in  quantity  as 
descending, -and  but  few  seen  at  and  below  10  feet  of  this  stra- 
tum. Numerous  particles  of  mica  throughout.  Changing  gra- 
dually to  next.  At  12  to  13  feet  of  its  depth,  many  hard  lumps 
of  sulphuret  of  iron.  The  upper  three  or  four  feet  of  this 
penetrated  by  numerous  hollow  cylinders,  of  an  inch, or  more  in 
diameter,  and  in  every  direction — obviously  having  been  bored 
by  shell-fish.  These  hollows  are  filled  by  the  green  earth  of  the 
stratum  above,  which  thus  makes  nearly  half  the  mass.  (This 
clay  and  the  layer  above  (1))  were  the  kinds  used  for  manure 
from  the  first  opened  pit.) 

3  feet  (22  to  25  below  tide)  of  brownish  and  more  friable  clay,  in- 
termixing at  first  with  the  above.  Green-sand  much  more 
abundant  than  in  the  preceding,  and  partly  in  very  large  granules. 

3  J  feet  (25  to '28  below  tide)  of  very  smooth  and  firm  clay,  of 
delicate  lilac  colour  at  first,  but  becoming  paler  as  descending, 
until  nearly  white.  Splits  easily  into  flakes  like  thick  slate ;  and 
still  thinner  laminae  show  that  the  earth  was  a  deposit  in  tranquil 
waters.  Thin  flakes  (not  thicker  than  writing  paper),  and  some- 
times a  mere  powder  of  pure  sulphuret  of  iron  visible  between 
many  of  the  layers  of  clay,  and  causing  them  to  separate  easily. 
The  upper  foot  of  this  penetrated  everywhere  by  small  hollow 
tubes  (from  an  eighth  to  the  third  of  an  inch  in  diameter),  which 
are  filled  by  the  brown  and  green  variegated  earth  of  the  stratum 
above — causing  a  lump  when  cut  smooth  to  appear  like  a  con- 
glomerate of  difierently  coloured  marbles.  Except  in  these  bor- 
ings, no  green-sand  deposit,  and  no  shelly  matter.  The  sulphuret 
of  iron,  which  is  through  this  stratum  visible  in  powder,  or  thin 
layers,  and  above  in  small  masses  or  lumps,  is  diflfused  through 
all  the  strata  containing  green-sand,  except  the  highest  ( 0). 
Through  this  and  the  upper  gray  clay  (^)  some  small  black 
pebbles  seen,  which  appear  as  if  formed  by  melting.  The  same 
found  in  the  eocene  marl.     A  sudden  change  to  the  next — 

2J  feet  (28J  to  31  below  high  tide)  of  remarkably  smooth  and 
unctuous,  but  firm  clay  of  reddish  brown  colour  (or  dull  brick 
red),  and  homogeneous  texture  as  well  as  colour.  Cuts  as  smooth 
as  the  best  hard  soap.  Deposited  in  thin  laminae,  and  breaks  or 
splits  easily  in  straight  lines  both  in  the  direction  of  the  laminae 
and  lengthwise  at  right-angles  to  their  direction — the  grain  and 
fracture  appearing  like  tliat  of  rotten  wood.  Across  these  two 
directions,  the  fracture  very  uneven.     Near  the  bottom  of  the 
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richest  green  stratum  (i))  there  is  a  barely  perceptible  oozing 
of  water.     All  below  dry,  and  the  two  last  strata  remarkably 
dry.     They  could  not  be  more  so  if  within  three  feet  of  the 
surface  of  a  high  knoll,  and  in  summer. 
1  foot  (31  to  32  below  tide)  of  same  as  the  last  in  texture,  but  of 

pale  blue  colour. 
1  foot  (32  to  38  below  tide)  mixture  of  the  last,  in  small  lumps 
imbedded  in  the  next,  as  if  broken  up  by  a  violent  current,  and 
deposited  in  rapid  water. 
17  feet  (33  to  49  below  tide,  the  lowest  digging)  black  earth — 
richest  in  green-sand  ^supposed  to  be  40  per  cent.)  mixed  with  a 
few  fragments  (less  than  2  per  cent,  on  an  average)  of  shells, 
mostly  small,  and  all  very  rotten.     Kinds,  mostly  of  turritella 
(some  of  which  are  large),  mytylus,  corhula,  and  crassatella. 
Many  small  and  a  few  large  shells  of  ostrea  compn-essirostra  near 
the  top  of  this  stratum  and  again  near  the  lowest  part,  where 
the  work  was  stopped  by  the  water  rising  from  below. 
The  whole,  so  far  as  dug,  added  to  the  before  exposed  bank, 
amounted  to  66  feet  of  the  eocene  deposit,  of  which  49  feet  was 
below  the  level  of  high  tide.     The  last  stratum,  which  was  pene- 
trated for  17  feet  before  the  rise  of  spring  water  compelled  the  work 
to  be  discontinued,  was  manifestly  the  same  with  that  at  Evergreen 
which  was  even  with  high  tide  (and  extending  above  and  below), 
and  which  was  there  25  feet  thick.     It  was  a  subject  of  much  re- 
gret, after  so  much  labour,  that  the  still  lower  stratum,  full  of  shells, 
could  not  be  reached,  and  which  probably  might  have  been  done  in 
8  feet  more  of  digging.     However,  enough  was  done  to  show  thai 
the  quantity  is  inexhaustible  of  the  layers  richest  in  green-sand 
(whatever  may  be   that  degree  of  richness),  independent  of  the 
other  layers. 

Besides  the  main  object  of  this  laborious  examination  by  digging 
as  low  as  possible,  to  learn  more  of  the  quality  and  quantity  of  the 
earth  for  manure,  and  as  a  matter  of  curiosity,  there  was  another 
inducement.  The  whole  bottom  of  the  river  across  to  Berkley 
(below  the  thin  covering  of  loose  and  soft  mud),  according  to  its 
variation  of  depth,  must  be  formed  of  one  or  another  of  the  same 
layers  shown  in  this  digging  of  49  feet  below  the  water  level ;  and, 
of  course,  Harrison's  Bar,  which  lies  between  the  Coggins  and 
Berkley  shores,  must  be  so  formed.  No  earth  more  strongly  re- 
sists the  washing  action  of  water  than  the  gypseous  earth,  even 
when  the  least  mixed  with  clay.  This  peculiar  quality  must  be 
the  cause  of  the  existence  of  this  bar,  which  presents  so  serious  an 
obstacle  to  the  navigation  of  the  river ;  and  it  may  be  thence  in- 
ferred what  would  be  the  degree  of  difficulty  of  its  removal,  and 
also  that  the  removal,  if  effected,  would  be  permanent. 
Various  and  contradictory  as  had  been  many  of  the  results  of 


468  GREEN-SAND  OP  NEW  JERSEY. 

my  experiments  of  the  green  earth  as  manure,  there  had  been  per- 
fect agreement  in  some  respects.  Thus,  as  before  stated  generally, 
the  earth  has  never  been  beneficial  as  manure  on  acid  soil — but 
rarely  on  corn,  and  never  (directly)  on  wheat ;  and  (on  proper  soils) 
generally  and  greatly  beneficial  on  clover,  and  perhaps  all  plants 
of  the  clover  and  pea  tribe — and  the  effects,  when  produced,  have 
never  been  permanent,  nor  even  very  durable.  And  the  eflFects 
shown  in  these  points  of  agreement  were  nearly  all  the  reverse  of 
those  ascribed  to  the  New  Jersey  green-sand.  In  regard  to  these 
effects,  in  the  absence  of  all  certain  and  particular  information  to 
be  obtained  otherwise,  I  found  it  necessary  to  seek  information  in 
person.  The  results  of  my  inquiries  and  personal  examinations,  in 
general,  showed  that  the  green-sand  (called  marl)  of  New  Jersey, 
though  agreeing  in  some  respects  with  ours  in  action  as  manure,  is 
operative  generally  on  the  greater  number  of  soils  and  on  most 
crops,  and  is  also  very  durable  in  effect.  On  the  other  hand,  much 
larger  quantities  are  applied  there  (usually  200  bushels,  and  some- 
times 400,  or  more,  to  the  acre)  than  I  have  done  with  ours ;  and 
something  of  the  more  general  benefit  and  longer  duration  may 
perhaps  be  owing  to  that  circumstance.*  Whether  the  green-sand 
is  indeed  the  principal,  or  a  very  important  manuring  agent,  of  the 
James  river  earth,  or  whether  the  other  ingredients  may  not  be 
still  more  active  than  its  green-sand,  is  yet  undecided.'j" 

It  is  indeed  strange  that  such  doubts  should  exist  at  this  late 
day  as  to  the  manuring  action  and  effect  of  this  earth — and  still 
more  so  that  the  chemical  composition  and  ingredients  of  the. 
e'arth  should  not  have  been  long  ago  ascertained.  Yet  previous  to 
the  recent  imperfect  application  of  tests  above  referred  to,  there 
had  been  no  known  full  or  correct  chemical  analysis  made  of  the 
earth  in  question ;  nor  even  any  partial  examination  for  and  report 
of  the  ingredients,  that  was  entitled  to  any  respect  for  accuracy 
and  fidelity.  For  these  reasons  I  engaged  the  services  of  Professor 
C.  U.  Shepard,  for  the  analyses  of  specimens  which  I  selected  from 
the  different  strata  of  the  earth,  at  Coggins  Point,  exposed  in  re- 
cent diggings,  including  several  which  had  been  tried  as  manure, 
and  had  operated  with  remarkable  power  and  benefit.  His  report 
of  the  partial  analyses,  which  has  been  received  since  the  preceding 
and  subsequent  portions  of  this  article  were  written,  will  now  be 

*  See  report  at  length  on  the  New  Jersey  green-sand,  and  its  operation, 
at  page  418,  toI.  x..  Farmers'  Register.  This  deposit  is  of  secondary  for- 
mation, while  that  of  Virginia  is  of  the  tertiary.  This  difference  of  age  and 
probably  of  the  materials  of  the  formation  would  seem  to  indicate  a  differ- 
ence of  chemical  constitution — as  there  certainly  is  of  manuring  operation. 

t  [I  have  lately  heard  that  phosphate  of  lime  had  been  discovered  as  an 
ordinary  accompaniment  of  the  green-sand  of  New  Jersey,  in  the  clay 
which  is  a  regularly  existing  ingredient.  I,  do  uttt  know  what  reliance  may 
be  placed  on  this  report. — 1851.] 
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presented.  It  enables  me  to  furnish  more  of  what  is  valuable,  be- 
cause more  certain  than  everything  else  I  could  offer,  or  than  has 
before  been  offered  to  the  public  on  this  subject — prominent  as  it 
has  been  made  in  the  reports  of  the  geological  survey  of  Virginia. 

"  New  Haven,  October  26, 1842. 

"Dear  Sir — The  specimens  of  green-sand  and  accompanying  earths  have, 
agreeably  to  your  request,  received  my  particular  attention ;  and  I  now 
proceed  to  apprise  you  of  the  results  at  which  I  have  arrived. 

"  Commencing  with  the  mechanical  analysis;  of  the  green-sand,  I  was  not 
a  little  surprised  to  find  that  the  green  particles,  when  cleared  by  washing 
of  a  slight  investment  of  clay,  assumed  the  aspect  of  chlorite  and  green 
earth,  and  more  rarely  of  grains  of  serpentine  and  fine  scales  of  mica.  The 
other  ingredients  of  the  earth  were  chiefly  grains  of  quartz  (some  of  which 
were  penetrated  by  chlorite),  and  more  rarely  specks  of  garnet,  iron  pyrites, 
a.nd  what  appeared  to  be  yellow  phosphate  of  lime.  Fragments  of  shells, 
in  a  very  decayed  state,  occur  disseminated  through  the  earth ;  and  I  de- 
tected also  small  teeth  and  bones  of  fishes.  The  proportions  of  the  leading 
ingredients  are  very  difficult  to  establish  with  precision ;  and  after  all  my 
examinations  I  can  only  give  them  approximatively,  and  within  wide  limits. 
Thug,  the  quartz  grains  may  be  said  to  constitute  from  60  to  80  per  cent., 
the  chloritic  and  micaceous  grains  from  10  to  15  percent.,  and  the  fine  clay 
from  3  to  5  per  cent. 

"  Nothing  is  plainer  than  that  the  green  particles  possess  the  character 
here  attributed  to  them ;  since  they  put  on  all  the  properties  so  common  to 
chlorite,  being  sometimes  in  regular  hexagonal  plates,  though  usually  in 
little  granules  made  up  of  impalpable  grains,  which  under  the  pestle  easily 
separate,  with  an  oily  feel,  into  bright  green  specks.  Subjected  to  acids 
and  heat,  it  agrees  with  true  chlorite. 

"  The  existence  of  such  a  mineral  in  the  present  formation  offers  nothing 
remarkable  in  a  geological  point  of  view,  since  it  may  have  originated  in 
the  decomposition  of  chlorite  slate  rocks,  or  of  veins  in  primitive  rocks  (in 
which  chlorite  often  abounds),  and  in  both  cases  iron  pyrites  is  its  common 
attendant.  Besides,  it  may  have  been  derived  from  the  metamorphosis  of 
pyroxene,  or  from  amygdaloidal  traps,  a  source  of  green  earth  very  often 
recognised  in  Europe  and  America.  Indeed,  chlorite  (which  is  but  another 
name  for  green  talc)  is  often  interchanged  for  mica,  as  an  ingredient  of 
primitive  rocks,  and  is  everywhere  little  prone  to  decomposition,  being,  on 
the  whole,  one  of  the  most  persistent  of  the  simple  minerals. 

"Neither  can  it  be  objected  that  its  chemical  constitution  is  incompatible 
with  the  results  obtained  for  green  earth ;  for  here  we  must  bear  in  mind, 
also,  that  it  is  impossible  accurately  to  separate  the  green  particles  from 
the  mica,  serpentine,  and  other  ingredients  with  which  they  are  associated. 

"  M.  Berthier  found  the  following  composition  in  the  green  grains  from 
the  green-sand  of  Havre  (France)^- 

Silica 50.00 

Protoxide  of  iron 21.00 

Alumina    .     • 7.00 

Potassa 10.00 

Alumina H-OO 

99.00* 

"  Mr.  Seybert  found  in  that  of  New  Jersey — 

*  Geological  Manual,  by  H.  T.  de  la  Beche,  Phila.,  1832,  p.  255. 
40 
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SiKoa 49.83 

Alumina 6.00 

Magnesia 1.83 

Potassa 10.12 

Water 9.80 

Protoxide  of  iron 21.53 

Loss 89 

100.00* 

"Prof.  Wm.  B.  Rogers  found  in  the  green-sand  of  Virginia — 

Silica 51.70 

Protoxide  of  iron 25.20 

Potassa 10.33 

Water 10. 

Magnesia,  a  trace 

97.23t 
"  The  foregoing  may  be  taken  as  a  fair  exhibition  of  the  composition  of 
the  green  particles  in  green-sand ;  and  the  following  analyses  may  serve  to 
show  the  constitution  of  such  chlorites  and  mica  as  may  be  presumed  to  be 
most  analogous  to  the  green  substances  in  the  earth  under  consideration. 
M.  Vauquelin  found  in  the  green-earth  of  Verona — 

Silica 52.00 

Magnesia 6.00 

Alumina 7.00 

Protoxide  of  iron 23.00 

Potassa 7.50 

Water    .     .     .     .     • 4.00 


99.50t 
"  Dr.  Thomson  found  in  the  chlorite-earth,  from  the  highlands  of  Scot- 
land— 

Silica 48.166 

Magnesia 2.916 

Alumina 16.851 

Oxide  of  iron 19.000 

Potassa 6.558 

liime 2.675 

Water 2.350 


98.718? 
"The  composition  of  the  most  common  silvery  mica  from  Zinwald  (Bohe- 
mia) was  ascertained  by  M.  Klaproth  to  be  the  following — 

Silica 47.00 

-Alumina 20.00 

Potassa 14.50 

Ox.  iron 15.50 

Ox.  manganese 1.75 


98.75|| 
'  Having  described  the  grounds  on  which  I  arrive  at  the  conclusion  that 

♦American  Journal  of  Science,  vol.  xvii.,  p.  277. 
•j-  Farmers'  Register,  vol.  ii.,  p.  131. 
j  Shepards'  Mineralogy,  vol.  ii.,  p.  225. 

I  Idem,  ii.,  p.  225. 

II  Idem,  ii.,  p.  41. 
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the  green  grains  of  this  earth  are  chlorite,  or  chlorite  blended  with  mica, 
and  rarely  specks  of  serpentine,  I  cannot  but  express  the  opinion,  that  as  a 
mineral  manure  the  efficacy  of  the  green  particles  has  been  greatly  over- 
rated. As  these  particles  are  very  little  Uable  to  decomposition,  their  ac- 
tion,_  whatever  it  may  be,  must  be  slow,  and,  I  should  infer,  nearly  imper- 
ceptible. Indeed,  I  am  rather  disposed  to  regard  its  favourable  operation, 
if  indeed  it  has  any,  as  flowing  from  a  mechanical  agency,  after  the  man- 
ner of  a  clay,  than  as  arising  from  the  liberation  of  its  potassa  through 
chemical  decomposition.  Not  that  I  would  caU  in  question  the  usefulness 
of  the  earth  taken  as  a  whole,  for  happily  this  is  too  well  established.  But 
when  I  find  a  decided  content  of  sulphate  of  lime,  with  carbonate  and  phos- 
phate of  lime  in  addition  thereto,  together  with  distinct  traces  of  organic 
matter,  it  appears  to  me  unnecessary  to  look  any  farther  in  order  to  account 
for  the  phenomena  in  the  case. 

"  I  now  proceed  to  state  my  method  of  examination,  together  with  the  re- 
sults obtained. 

"  The  specimens  were  kept  in  a  dry  room,  exposed  to  air  in  shallow  dishes, 
for  several  weeks ;  after  which,  portions  free  from  crystals  of  sulphate  of 
lime  visible  by  the  naked  eye,  and  large  fragments  of  shells,  were  heated 
in  a  platina  capsule  to  300°,  Fah.,  in  order  to  expel  hygrometric  moisture, 
and  subsequently  to  low  redness,  to  decompose  organic  matter.*  The  or- 
ganic matter  is  very  inconsiderable,  and  was  in  no  instances  rigidly  de- 
termined. 

"  Having  ascertained  by  experiment  that  the  iron-pyrites  was  not  decom- 
posable by  tepid  dilute  hydrochloric  acid,  the  following  method  was  resorted 
to  for  the  determination  of  the  phosphate  of  lime.  Two  hundred  grains 
of  the  triturated  earth  were  suffered  to  stand  (with  occasional  agitation)  in 
contact  with  a  dilute  hydrochloric  acid  for  three  hours.  The  whole  was 
then  transferred  to  a  filter,  and  the  earth  well  washed  thereon,  with  abund- 
ance of  tepid  water.  The  clear  fluid  and  washings  thus  obtained  were 
super-saturated  with  ammonia,  and  the  precipitate  subsequently  digested 
in  a  warm  potassic  solution  for  the  removal  of  the  silica  and  the  alumina. 
The  per-oxide  of  iron  and  phosphate  of  lime  now  remaining,  after  being 
well  washed,  were  treated  with  a  cold,  dilute  acetic  acid,  whereby  the 
phosphate  alone  was  taken  into  solution.  It  was  then  precipitated  by 
ammonia,  dried,  ignited,  and  weighed.  Having  found  reason  to  believe 
that  the  proportion  of  finely  divided  phosphate  of  lime  was  pretty  uniform 
in  the  different  specimens  of  the  green-sand,  I  was  only  at  the  pains  to 
determine  its  exact  proportion  in  specimen  No.  l.f  Having  ascertained 
how  much  per-oxide  of  iron  each  sample  contained,  this  amount  was  de- 
ducted from  that  yielded  by  the  treatment  of  the  same  specimen  with  nitro- 
hydrochloric  acid  (aided  by  gentle  heat),  whereby  the  sulphuret  of  iron 
was  decomposed.  Thus  the  exact  quantity  of  iron  which  was  engaged  by 
the  sulphur  (and  consequently  the  amount  of  bi-sulphuret  of  iron)  was 
ascertained. 

"  The  carbonate  of  lime  was  determined  in  the  usual  way,  viz.,  by  treating 
the  first  obtained  solution  in  hydrochloric  acid  with  ammonia,  whereby  the 

*  This  last  step  was  always  attended  with  the  extrication  of  a  little  sul- 
phur. 

f  I  will  here  observe  that,  by  the  process  now  described,  it  was  ascer- 
tained that  had  the  whole  of  the  precipitate  by  ammonia  from  the  hydro- 
chloric acid  solution  been  taken  for  phosphate  of  lime,  it  would  have  in- 
volved the  error  of  an  over-estimate  of  the  phosphate  by  nearly  800  per 
cent. 
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silica,  alumina,  per-oxide  of  iron,  and  phosphate  of  lime  were  thrown  down, 
leaving  the  lime  and  magnesia  alone  in  a  state  of  suspension.  The  former 
was  precipitated  by  oxalate  of  ammonia,  and  subsequently  the  latter  by 
phosphoric  acid. 

"  The  sulphate  of  lim^  was  ascertained  by  boiling  a  determinate  quantity 
of  the  green-sand  in  water  until  the  whole  of  this  salt  present  was  taken 
into  solution.  The  clear  solution  was  treated  with  chloride  of  barium,  and 
the  sulphate  of  baryta  ignited  and  weighed.  The  sulphuric  acid  present  in 
the  earth  was  thus  arrived  at,  and,  by  subsequent  calculation,  the  sulphate 
of  lime  originally  present  was  ascertained. 

"Sulphate  of  alumina  (but  no  sulphate  of  iron)  was  found  to  exist,  in 
traces,  by  the  precipitation  of  alumina,  occasioned  on  the  treatment  of 
the  water  boiled  on  the  earth  with  ammonia.  But  in  each  case  it  was  too 
inconsiderable  for  the  determination  of  its  proportion.  Chloride  of  calcium 
(muriate  of  lime)  was  ascertained"  by  treating  the  same  fluid  with  nitrate 
of  silver.  Its  proportion  did  not  exceed  that  in  which  it  exists  also  in 
common  soUs. 

"  Hemlts  obtained  on  specimens  of  green-sand  earth  from  Coggins  Point,  James 

river. 

"  '  No.  1.  From  8  inches  within  the  exposed  side  of  a  ravine,  where  a 
stream  flowed  by,  and  15  feet  from  the  top  of  the  green  earth.'*  [Mid- 
dle part  of  stratum  V,  see  page  465.  ] 

Hygrometric  moisture  (lost  at  300°)    .     .     .     5.50 
By  heating  to  low  redness,  it  lost  in  addition     2.03 

Phosphate  of  lime 0.25 

Carbonate  of  magnesia,  in  decided  traces. 
Sulphate  of  alumina,  in  traces. 
"  '  No.  3.  Same  as  number  1,  except  from  a  deeper  excavation.' 
Hygrometric  moisture  (lost  at  300°)   .     .     .     4.600 
By  heating  to  low  redness,  it  lost  in  addition    2.200 

Carbonate  of  lime 1.550 

Bi-sulphuret  of  iron 3.066 

Carbonate  of  magnesia  and  sulphate  of  alumina  in  traces. 
Phosphate  of  lime,  about  as  in  number  1. 

Sulphate  of  lime 0.813 

"  '  No.  6.  Three  feet  below  the  river  beach  [from  pit,  lower  part  of  D, 
half  a  mile  distant  from  preceding.'] 

Hygrometric  moisture 5.400 

By  heating  to  low  redness,  it  lost  in  addition     2.060 

Carbonate  of  lime 0.535 

Bi-sulphuret  of  iron 2.060 

Sulphate  of  lime 0.661 

Carbonate  of  magnesia  and  sulphate  of  alumina  in  traces. 
Phosphate  of  lime  as  in  number  1. 
"  'No.  9.  See  foregoing,  page  465.    This  alone  having  sulphnret  of  iron 
visible  in  powder,  or  minute  crystals  ;'   [taken  from   14  feet  below  the 
beach,  in  E.J 

*  This  specimen  was  not  thoroughly  analyzed,  and  therefore  the  contents 
are  reported  but  in  part.  The  next  (No.  3)  was  deemed  the  most  important, 
and  a  more  correct  specimen  of  this  layer  (D),  and  therefore  to  it  the 
examination  of  Prof.  Shepard  was  especially  requested,  and  was  so  directed. 
It  is  therefore  that  the  contents  of  bi-sulphuret  of  iron,  carbonate  of  lime, 
and  sulphate  of  lime  are  not  stated  of  No.  1,  as  in  No.  3.     E.  R. 
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Carbonate  of  lime 2.350 

Bi-sulphuret  of  iron 5.821 

Sulphate  of  lime         2.309 

(Carbonate  of  magnesia  not  found.) 

"  '  No.  10.  Several  thin  layers  of  compressed  shells,  1  to  3  inches  thick" 
[contained  in  stratum  .E] 

Carbonate  of  lime 56.00 

Phosphate  of  lime 0.84 

"No.  2.  [Z»]  from  4  feet  lower  than  number  1,  was  examined  with  results 
similar  to  1  and  3. 

"No.  4.  [Z)]  from  4  feet  below  beach,  and  half  amile  from  number  1,  was 
found  to  be  rich  in  sulphate  of  lime  and  to  contain  bi-sulphuret  of  iron. 

"No.  5.  [i>]  'From  another  spot,  and  has  since  been  exposed  to  the 
weather  from  last  winter  to  June  on  the  field  where  applied  as  manure.' 
Is  richer  than  No.  2  or  4  in  sulphate  of  lime,  but  inferior  to  either  in  bi- 
sulphuret  of  iron.  It  likewise  affords  more  sulphate  of  alumina  than  any 
sample  examined. 

"  '  No.  11.  The  clay  at  16  to  18  feet  deep ;'  [supposed  when  selected  to 
be  the  poorest  part  of  stratum  S.] 

Carbonate  of  lime 1.45 

"  It  is  rich  in  sulphate  of  lime,  and  has  traces  of  sulphate  of  alumina, 
and  bi-sulphuret  of  iron. 

"  It  is  to  be  kept  in  mind  that  in  these  analyses  no  account  is  taken  of 
such  sized  crystals  of  sulphate  of  lime  as  readily  meet  the  eye,  or  of  large 
fragments  of  shells,  the  occasional  presence  of  both  which  must  often 
essentially  enhance  the  gypseous  and  calcareous  contents  of  these  samples. 
The  proportions  in  which  they  may  occur  at  different  depths  and  localities 
can  readily  be  determined,  however,  by  the  practical  agriculturist.  The 
same  may  be  said  of  the  phosphatic  ingredient  so  far  as  the  teeth  and 
bones  of  fishes  are  concerned. 

If  we  assume  the  average  proportion  of  bi-sulphuret  of  iron  in  these 
earths  to  be  2  per  cent.,  and  suppose  the  whole  of  the  sulphate  to  become 
oxydized,  it  would  give  rise  to  2.722  per  cent,  of  sulphuric  acid ;  to  saturate 
which  would  require  1.905  of  lime,  and  thereby  produce  4.627  per  cent, 
of  (anhydrous)  sulphate  of  lime.  But  2.722  of  lime  would  demand  3.383 
per  cent,  of  carbonate  of  lime  in  the  soil.  Now  in  the  three  analyses  (Nos. 
3,  6,  and  9),  made,  the  bi-sulphuret  of  iron,  by  average,  equals  3.649'per 
cent.,  and  the  carbonate  of  lime  in  the  same  equals  but  1.478  per  cent. — 
a  quantity  too  small  for  the  saturation  of  the  acid,  even  after  u  liberal 
allowance  is  made  for  the  increase  of  calcareous  matter  from  the  occasional 
presence  of  large  fragments  of  shells. 

"  It  would  therefore  appear  to  be  an  obvious,  deduction  from  these  inqui- 
ries, that  dressings  of  lime,  and  especially  of  calcareous  bands,  like  No. 
10,  should  be  employed  in  conjunction  with  the  green-sand  soil. 

"  Having  now  replied  in  the  best  way  I  am  able  to  your  various  inquiries, 
I  leave  it  for  you  to  make  such  other  practical  inferences  from  the  inform- 
ation afforded  as  in  your  more  experienced  judgment  it  may  seem  to 
authorize — and  remain,  very  respectfully,  your  obedient  servant, 

Chakles  Upham  Shepakd." 
1    "Edmund  Kuffin,  Esq." 

The  specimens  numbered  above  1,  2,  3,  were  from  one  locality, 

and  of  earth  which  was  used  as  manure  for  clover  of  this  year, 

on  marled  land,  with  effect  as  great  as  any  ever  known ;  and  with 

no  certain  benefit  on  an  adjoining  space  (also  in  clover),  of  the 

40* 
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same  soil  naturally,  but  not  marled.  Numbers  4,  5,  and  6,  were 
from  the  pit  dug  in  the  beach,  half  a  mile  distant,  apparently 
similar  to  each  other,  and  to  the  preceding  specimens.  All  these 
are  of  the  dark  stratum  (Z))  richest  in  green-sand  (except  the 
lowest,  E),  and  all  before  rated  by  me  as  containing  50  per  cent, 
of  the  pure  granules.  Professor  Kogers  stated  the  same  to  contain 
60  t-o  70  per  cent.  (See  P.  Register,  vol.  ii.,  p.  750.)  Even  if  leaving 
the  green-sand  out  of  consideration,  and  out  of  the  estimate  of 
value,  there  would  still  remain  enough  of  active  manuring  princi- 
ples to  produce  a  large  share  (at  least)  of  the  beneficial  eflFects  which 
I  have  found  from  the  use  of  this  earth ;  and  I  have  heard  of  but 
few  other  applications  in  Virginia,  other  than  those  made  on  Coggins 
Point  farm,  and  of  none  with  different  or  better  certain  effects. 
With  the  help  of  surplus  carbonate  of  lime  in  the  soil  (furnished 
by  nature  or  by  previous  marling  or  liming),  100  bushels  of  this 
earth,  averaging  in  strength  the  ingredients  of  these  specimens 
analyzed  by  Professor  Shepard,  would  furnish  nearly  5  bushels  of 
pure  sulphate  of  lime  (gypsum) ;  and  40  bushels  to  the  acre  would 
furnish  2  bushels  of  sulphate  of  lime.  Not  one  of  these  specimens 
contained  any  gypsum  visible  to  the  eye  ;  and  but   one  specimen 

S umber  9)  contained  any  visible  sulphuret  of  iron ;  and  therefore 
ese  ingredients  may  be  fairly  supposed  to  be  at  least  as  abundant 
in  the  earth  dug  in  any  considerable  operation.  What  the  green- 
sand  or  any  other  ingredients  may  do  in  addition,  I  pretend  not  to 
estimate.  But  so  far  as  I  have  learned  from  my  own  experience 
and  all  known  experience  of  other  persons,  the  whole  operation  of 
this  earth,  when  used  alone,  is  precisely  of  such  kind  as  I  would 
anticipate  from  gypsum,  though  yielding  more  of  benefit  in  mea- 
sure and  value.  Nor  should  I  therefore  be  understood  as  placing 
a  low  estimate  on  the  value  of  the  effects  produced.  Since  seeing 
the  effects  this  year,  and  especially  since  having  formed  the  opinion 
that  the  upper  and  exposed  parts  (most  generally  used  formerly) 
are  comparatively  worthless  and  should  be  avoided,  I  count  on 
much  benefit  being  derived  from  this  manure,  and  am  desirous  that 
it  shall  be  largely  used ;  as  my  son  and  partner,  and  the  sole 
director  of  our  farming,  proposes  to  do  for  the  next  year's  growth 
of  clover.  Still,  I  am  now  as  far  as  ever  from  believing  in  or  ex- 
pecting such  great  and  regular  benefit  as  would  be  inferred  to  be 
certain  from  views  and  statements  which  rest  upon  the  authority 
of  the  former  geological  surveyor  of  Virginia.* 


*  Professor  Shepard,  in  the  above  letter,  asserts  the  identity  of  the  gra- 
nules of  "  green-sand,"  with  chlorite,  or  green  talc.  The  proportions  of 
the  constituents  of  chlorite  are  far  from  being  uniform ;  though  the  same 
kinds  are  usually  found,  in  various  proportions.  Of  these,  magnesia  seems 
to  be  always  present.     K  so,  may  not  this  be  an  important  manuring  ele- 
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It  may  not  be  useless  to  note  another  point  of  recent  resemblance 
between  these  two  manures,  both  of  which  seem  so  capricious  and 
uncertain  in  operation  in  general.  This  year  (1842),  the  applica- 
tions of  the  green  earth  on  the  Cogging  Point  farm,  whether  made 
in  the  beginning  of  the  winter  preceding,  in  March,  or  in  the  be- 
ginning of  summer,  have  acted  more  quickly  and  powerfully  than 
any  known  before.  This  I  had  ascribed  to  the  earth  being  mostly 
obtained  from  deeper  excavations.  But  I  have  lately  heard,  from 
Messrs.  Hill  Carter  and  John  A.  Selden,  both  extensive  and  ex- 
perienced and  successful  users  of  gypsum,  that  they  have  never 
before  known  the  good  effects  of  that  manure  to  be  so  remarkable 
as  in  all  their  applications  of  this  year. 

(d.^  Eocene  green-sand  marl. 

Except  in  the  lower  stratum  exposed  in  the  pit  recently  dug  at 
Evergreen,  this  peculiar  and  valuable  kind  of  marl  has  not  yet  been 
known  to  me  in  Virginia  elsewhere  than  on  and  near  the  borders 
of  the  Pamunkey  river;  though  there  can  be  but  little  doubt  that 
this  or  other  eocene  deposits  are  to  be  found  elsewhere  than  within 
the  limits  here  stated  of  the  now  known  localities.  It  is  more  than 
probable  that  other  rivers  cut  through  and  expose  some  of  the  eocene 
as  well  as  miocene  deposits;  and  that  deep  diggings  would  reach 
them  also  in  the  intervening  high  lands.  The  Pamunkey  eocene 
formation  is  seen  first,  or  exposed  most  south-eastward,  at  North- 
bury  in  New  Kent  county;  and  it  is  found  (either  as  marl  or  gyp- 
seous earth)  on  nearly  every  farm  above,  to  South  Wales,  in  Hano- 
ver, the  farm  of  Mr.  William  F.  Wickham,  just  below  the  junction 
of  the  North  Anna  and  South  Anna  rivers,  and  on  North  Wales, 
the  farm  of  Mr.  Williams  Carter,  across  the  Pamunkey,  in  Caroline 
county.     This  distance  in  a  straight  line  is  about  22  miles ;  and 

ment  of  our  green-sand  earth,  as  well  as  that  of  New  Jersey  ?  Cleaveland 
gives  the  following  contents  of  three  different  kinds  of  chlorite,  ascertained 
by  different  chemists : 


Chlorite — analyzed  by 

Vauquelin. 

Klaproth. 

Hoepfner. 

100  parts  consisted  of 

Silex 

26. 

53. 

41.15 

Alumina 

18.5 

12. 

6.13 

Magnesia          .... 

8. 

3.5 

39.47 

Lime 

0. 

2.5 

1.5 

Oxide  of  iron    .... 

43. 

17. 

10.15 

Muriate  of  soda  and  potash 

2. 

0. 

0. 

Water 

2. 

11. 

1.5 

99.50 

99. 

99.90 

Vauquelin  found  a' specimen  of  common  talc  to  contain  27  per  cent,  of 
magnesia. — Cleaveland. 
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the  very  winding  course  of  the  Pamunkey  serves  to  make  the  ex- 
posure of  the  bed  of  marl  show  an  average  width  of  three  or  more 
miles.  Throughout  this  area,  it  is  found  in  great  abundance  at 
numerous  points — though  of  great  variety  of  appearance  and  of 
value  at  different  elevations,  and  in  very  different  degrees  of  access, 
or  ease  of  working. 

This  marl  everywhere  has  its  calcareous  portion  (which  is  usually 
small  in  comparison  to  good  miocene  marls)  intermixed  with  a 
large  proportion  of  green-sand.  The  calcareous  earth  varies  from 
10  to  40  per  cent,  at  different  diggings,  or  different  layers  at  the 
same  locality;  and  the  green-sand  perhaps  from  10  to  30  per  cent, 
as  estimated  by  the  eye.  In  some  places,  the  one  ingredient  pre- 
dominates in  quantity,  and  elsewhere  the  other.  No  one  specimen 
has  been  found  rich  in  both  of  these  ingredients. 

There  are  various  and  very  different  kinds  of  earth,  if  considered 
in  reference  to  their  chemical  constitution  and  qualities,  and  values 
as  manure,  which  together  make  up  this  extensive  area  and  great 
depth  of  the  eocene  formation ;  and  all  of  which  varieties,  however 
different,  have  in  common  been  deemed  and  termed  marl  by  the 
people  of  the  neighbourhood.  That  all  these  various  earths  belong 
to  the  same  eocene  formation  is  evident  from  the  fossil  remains,  or 
fi'om  other  as  certain  proofs  where  there  are  no  such  remains  visi- 
ble. The  principal  and  most  notable  of  these  different  earths  will 
be  here  described. 

The  most  extensive  exposure  of  calcareous  marl,  which  I  will 
designate  as  L,  (and  embraces  beds  4  and  5  in  the  profile  view, 
which  will  be  hereafter  given),  is  along  the  river  for  five  or  six  miles 
in  a  straight  course,  above  and  below  Newcastle  ferry ;  and  a  very 
much  longer  course,  if  following  the  crooked  course  of  the  Pamun- 
key. This  marl  is  more  than  24  feet  thick  at  Clifton,  the  farm  of 
Mr.  J.  W.  Tomlin,  next  below  Newcastle  ferry.  From  that  locality, 
it  becomes  thinner  in  the  extensions  both  up  and  down  the  river. 
At  two  miles  above  the  thickest  part,-  it  gradually  thins  out  to 
nothing,  in  Marlbourne  farm  (my  own  property) ;  and  before  reach- 
ing the  nearest  outline  of  Marlbourne,  this  marl  (L)  is  barely  2  feet 
thick,  and  not  worth  for  use  the  cost  of  removing  the  overlyinw 
drift  or  other  earth.  This  marl  and  all  the  other  accompanying 
beds,  are  inclined ;  the  dip  being  towards  the  east  or  south-east. 
The  ancient  flood  proceeding  from  the  north-west  had  washed  away 
the  highest  raised  western  parts  of  all  these  beds,  and  reduced  them 
to  their  now  nearly  horizontal  surface;  and  this  ancient  "denu- 
ding" action  is  the  cause  of  this  marl,  and  the  other  beds,  succes- 
sively thinning  out  at  the  surface  as  proceeding  up  the  river. 

_  This  most  extensively  exposed  body  of  marl  is  of  four  principal 
kinds,  without  noticing  some  less  important  differences.  The  lower 
6  or  7  feet  of  its  thickness  (a;),  and  which  includes  all  of  4  in  the 
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figure,  except  the  black  line  at  bottom),  is  the  richest  in  calcareous 
matter,  and  much  the  best  as  manure.  This  is  mostly  of  compact 
and  uniform  earthy  texture  and  appearance— of  dark  gray  colour, 
with  a.  greenish  tint  in  some  cases.  The  shelly  matter,  for  the 
greater  part,  is  finely  reduced,  the  fragments  being  generally  so 
small  as  not  to  be  obvious  to  the  sight.  But  few  shells,  mostly  of 
the  harder  gray  kinds,  remain  entire ;  and  of  these,  the  saddle  oyster 
furnishes  nearly  all  of  the  perfect  and  still  very  hard  specimens. 
Near  to  the  bottom  of  this  layer  the  marl  is  somewhat  softer  and 
poorer,  and  yet  the  entire  though  very  soft  shells  are  there  nu- 
merous. This  marl  (x)  contains  from  35  to  more  than  40  per  cent. 
of  carbonate  of  lime,  on  an  average. 

Above  this  richer  part  (x),  the  marl  (marked  5  in  the  figure)  is 
softer,  and  in  some  degree  admits  the  slow  penetration  of  water,  to 
which  the  other  marl  (x)  is  a  perfect  barrier.  In  other  respects 
this  {y)  appears  to  the  eye  very  similar,  and  not  less  rich  in  calca-, 
reous  matter  than  that  below.  But  in  fact  it  does  n.ot  contain  more 
than  proportions  varying  from  30  to  as  little  as  11  per  cent.,  and 
usually  becoming  poorer  as  nearer  to  the  top  of  this  layer.  This 
marl  (y),  more  generally  than  the  richer  below,  I  have  found  to 
contain  finely  divided  sulphuret  (or  bi-sulphuret)  of  iron,  as  does 
the  gypseous  earth  of  James  river,  and  also  the  gypseous  earth  of 
Pamunkey.  This  combination  of  sulphur  and  iron,  when  exposed 
to  air,  changes  gradually  to  sulphate  of  iron  (copperas) ;  and  this 
last,  and  the  carbonate  of  lime  of  the  marl,  decompose  each  other, 
and  one  of  the  new  products  is  sulphate  of  lime  (gypsum),  in  place 
of  proportional  quantities  of  the  decomposed  copperas  and  shelly 
matter.  This  process  has  doubtless  been  proceeding  for  ages  in  the 
bed,  though  very  slowly  for  want  of  air ;  and  has  served  to  remove 
much  of  the  formerly  existing  shelly  matter — which  was  first  thus 
changed  to  sulphate  of  lime,  and  this  soluble  substance  was  then 
mostly  carried  off  by  the  slowly  percolating  water.  This  decom- 
position and  subsequent  removal  of  the  lime  also  served  to  make 
pervious  the  before  compact  and  impervious  marl,  and  thus  per- 
mitted more  easily  the  progress  of  further  decomposition  and  re- 
moval of  the  former  calcareous  portion.  However  much  of  the 
produced  gypsum  has  been  thus  slowly  dissolved  and  removed,  there 
is  still  a  considerable  proportion  remaining.  Thus,  this  part  (y), 
especially,  not  only  contains  a  notable  proportion  of  gypsum  before 
formed  by  this  process,  and  not  yet  removed  in  solution  by  the 
slowly  percolating  water — but  there  is  also  generally  present  (in  y 
especially),  more  of  material,  in  the  as  yet  undecomposed  sulphuret, 
to  form  more  gypsum  hereafter.  I  infer  that  this  mode  of  conver- 
sion of  part  of  the  carbonate  to  sulphate  of  lime  has  served  to  more 
or  less  diminish,  and  in  some  layers  to  remove  entirely,  the  consi- 
derable amount  of  carbonate  of  lime  formerly  contained.     More 
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carbonate  must  be  so  changed  to  sulphate  of  lime,  after  any  marl 
which  still  contains  sulphuret  of  iron,  is  applied  as  manure.  The 
exposure  to  air  (and  attraction  of  oxygen)  will  soon  convert  the 
yet  remaining  sulphuret  to  sulphate  of  iron ;  and  this  will  imme- 
diately act  on  the  carbonate  of  lime,  in  contact,  and  so  form  sul- 
phate of  lime.  This  proportion  of  gypsum,  either  ready  formed,  or 
soon  to  be  formed,  making  altogether  from  2  to  6  per  cent,  of  the 
marl,  is  one  of  the  main  sources  of  the  early  (but,  as  I  anticipate, 
transient)  fertilizing  eifeots  of  this  and  other  varieties,  which  are 
poor  in  calcareous  matter.  The  long  continued  action  of  the  sul- 
phuret of  iron  (which  seems  to  be  still  generally  present,  and  may 
be  inferred  to  have  been  universal  at  first  in  all  the  beds)  is  suflS- 
cient  to  account  for  the  partial  or  total  disappearance  of  shells,  and 
of  carbonate  of  lime,  in  nearly  all  these  layers  of  the  one  great 
eocene  bed  of  marl  and  gypseous  earth,  both  of  Pamunkey  and 
James  river. 

A  third  variety  (u)  exists  but  in  few  places,  and  on  the  northern 
side  of  the  river.  It  is  the  highest  of  this  whole  calcareous  bed — 
is  dry  and  yellowish  (being  nearly  or  quite  destitute  of  green-sand 
and  organic  colouring  matter),  and  though  as  rich  in  carbonate  of 
lime  as  the  average  of  the  whole  stratum  (and  richer  than  all  y),  it 
is  much  inferior  in  fertilizing  effects,  at  least  for  some  years,  and  as 
long  as  they  have  been  separately  observed.  It  may  be  inferred 
that  this  light-coloured  marl  is  not  only  without  the  potash  (which 
green-sand  contains  in  small  proportion),  but  also  without  gypsum ; 
and,  like  nearly  all  miocene  marls,  acts  only  by  its  carbonate  of 
lime. 

A  fourth  variety  (z)  is  the  universal  thin  bottom  layer  of  this 
calcareous  stratum  (and  below  x — represented  by  the  broad  black 
line  in  the  figure),  which  forms  a  continuous  layer  of  separate 
stony  lumps,  like  a  pavement,  and  varying  from  6  to  15  inches 
thick.  These  stony  masses  contain  60  per  cent,  or  more  of  car- 
bonate of  lime.  Being  difficult  to  dig,  and  to  raise,  this  layer  is 
usually  left  by  most  marlers.  On  axjcount  of  its  greater  richness,  I 
deem  it  the  most  valuable  for  its  quantity.  In  a  few  years  after 
being  ploughed  under  the  soil,  most  of  these  lumps  are  softened 
enough  to  crumble. 

These  several  layers  of  this  one  general  calcareous  stratum  con- 
stitute the  marl  mostly  used  in  latter  years,  by  the  marling  farmers 
of  this  neighbourhood.  My  own  use  has  embraced  all  these  varie- 
ties, but  was  mostly  of  the  more  compact  earthy  marl  (x),  as  that 
was  in  greatest  quantity. 

Another  bed  of  rich  calcareous  marl  (M,)  is  exposed  for  the  few 
miles  of  the  most  western  extremity  of  the  general  eocene  forma- 
tion, in  the  farms  of  South  Wales  in  Hanover,  and  North  Wales 
in  Caroline  county,  and  extending  nearly  to  the  lowest  part  of  the 
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granite  range,  which  makes  the  falls  of  this  and  other  rivers.  This 
marl  is  darker  coloured  (nearly  black  in  the  bed),  and  apparently 
richer  in  green-sand  than  the  former  kinds,  and  also  nearly  as  rich 
as  the  best  (x)  in  carbonate  of  lime.  I  found  of  this  bed,  in  dif- 
ferent specimens  selected  by  myself  from  the  pits  of  Messrs.  Wm. 
F.  Wickham  and  Williams  Carter,  proportions  varying  from  32.50 
to  44  per  cent.  ,  This  kind  also  contains  some  finely  divided  and 
diffused  sulphuret  of  iron  j  and  consequently,  gypsum,  if  not  al- 
ready present  (as  I  infer  is  always  the  case),  must  be  formed  from 
the  changes  of  the  sulphuret  after  the  application  of  the  marl. 

This  bed,  though  lying  the  highest,  where  exposed,  in  its  pre- 
sent level  and  elevation,  is  the  lowest  in  order  of  all  the  different 
beds  of  this  great  eocene  formation.  Below  it  is  a  bed  of  graveUy 
sand  and  rounded  pebbles,  without  any  appearance  of  fossil  remains, 
or  marine  deposition. 

'  For  some  12  miles  (if  in  a  straight  line,  but  following  the  much 
longer  course  of  the  river),  and  stretching  from  the  final  thinning 
out  of  the  marl  (x,  or  4),  in  Marlbourne  farm  to  the  first  appear- 
ance (of  M,  or  1)  in  South  Wales,  the  whole  interval  is  filled  by 
different  layers  and  kinds  of  green  or  gypseous  earth.  The  general 
appearance  is  much  like  that  of  Coggins  Point,  before  described, 
but  genei-ally  containing  some  little  admixture  of  shells.  For  a 
considerable  part  of  this  exposure,  this  gypseous  earth  is  as  desti- 
tute of  shelly  matter,,  and  as  deficient  in  other  fertilizing  matters, 
as  I  have  found,  or  supposed,  to  be  the  upper  or  exposed  parts  of 
the  James  river  gypseous  earth.  In  some  layers  there  is  enough 
of  shelly  matter  to  make  from  2  to  5  per  cent,  of  the  mass.  Also 
there  are  some  bands  of  a  few  inches  thick  only,  quite  rich  in  shells. 
In  other  places,  there  is  no  carbonate  of  lime ;  and  although  some 
gypsum  and  less  potash  must  be  present  (as  in  general  of  all  these 
eocene  beds),  this  poorer  earth  (miscalled  "  marl")  has  been  found, 
when  used  as  manure,  of  little  effect,  and  less  profit. 

Overlying  all  the  exposed  upper  marl  and  green  earth  of  this 
whole  eocene  formation  (and  also  extending  south-eastward  over 
the  nearest  miocene)  is  an  unconformable  layer  of  variable  but 
always  small  thickness  of  what  is  here  known  as  "  olive  earth," 
from  its  greenish  brown  colour.  (It  is  designated  by  the  broad 
irregular  band  o,  o,  in  the  figure.)  It  varies  from  a  few  inches  to 
4  feet  of  thickness— is  not  uniform  in  texture— but  usually  very 
adhesive  (as  found  wet  in  the  bed),  and  difficult  to  remove.  My 
observations  have  satisfied  me  that  this  earth  was  formerly  marl, 
or  rather  a  mixture  of  all  the  different  layers  of  marl  and  green 
earth  now  below,  which  after  being  washed  up  by  the  violent  cur- 
rent of  the  ancient  denuding  flood  was,  during  a  cessation  of  the 
greatest  violence  of  the  current,  deposited  over  the  whole  before 
denuded  and  then  bare  surface.     Subsequently,  the  violence  of  the 
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current  was  renewed,  and  with  it  were  brought  and  deposited  the 
layers  of  drifted  pebbles,  sandy  gravel  first,  and  next  sand,  which 
now  overlie  all  the  olive  earth  and  eocene  formation.  This  lower 
sandy  gravel  is  ferruginous,  and  everywhere  supplies  ferruginous 
spring-water,  and  probably  the  impregnation  being  partly  in  the 
form  of  sulphate  of  iroii.  Both  the  sulphates  of  iron  and  of 
alumina  are  sometimes  perceptible  to  the  sight  and  taste,  in  these 
strata.  The  slowly  oozing  spring-water  thus  bringing  either  of 
these  salts  of  sulphuric  acid,  must  gradually  decompose  any  carbo- 
nate of  lime  in  contact.  And  hence,  the  higher  deposit  of  what  is 
now  olive  earth,  being  permeable  by  water,  has  had  all  its  former 
carbonate  of  lime  changed  to  gypsum,  and  this,  in  solution,  mostly 
removed  by  the  water  passing  off.  If  these  suppositions  are  correct, 
the  olive  earth  ought  still  to  contain  all  that  it  did  formerly,  when 
it  was  marl,  except  the  carbonate  of  lime ;  and  with  some  increase 
of  sulphate  of  lime.  Hence,  this  earth  ought  to  have  more  or  less 
of  fertilizing  value — and  enough  to  be  worth  using,  especially  as 
its  very  laborious  excavation  and  removal  have  always  to  be 
effected,  for  the  purpose  of  reaching  the  marl  below.  But  it  was 
universally  believed  that  the  olive  earth  was  useless ;  and  it  was 
put  to  no  use,  not  only  by  those  farmers  who  had  good  marl  below, 
but  by  others  who  encountered  all  the  labour  of  uncovering,  and 
removing  this  sticky  and  troublesome  layer,  to  reach  merely  the 
gypseous  earth  below,  probably  worth  no  more  than  the  olive  earth, 
except  for  its  very  small  proportion  of  carbonate  of  lime.  While 
I  drew  marl  from  other  land  to  my  present  farm,  the  distance  was 
too  great  for  me  to  try  this  olive  earth  as  manure.  But  since  I 
have  (very  lately)  discovered  good  marl,  of  workable  thickness,  on 
Marlbourne  farm,  I  have  carried  out  all  the  overlying  olive  earth, 
though  it  is  more  sandy  here  than  is  usually  found.  I  had  begun 
this  course  before  having  heard  of  any  useful  effect  of  such  appli- 
cation. But  since  (in  the  summer  of  1852),  I  have  learned  very 
remarkable  effects  of  other  (and  probably  much  richer)  olive  earth, 
as  tried  by  two  neighbouring  farmers,  Messrs.  Henry  Jones  and 
John  Beale.  The  most  accurate  and  conclusive  of  these  trials 
(though  all  were  very  beneficial)  was  an  application  of  this  earth 
alone,  400  bushels  to  the  acre,  on  stiff  and  poor  (long  exhausted) 
land.  The  application  was  made  for  the  corn  crop  of  1850,  and 
produced  not  much,  if  any,  perceptible  effect.  The  benefit  was 
much  greater,  though  still  small,  on  the  succeeding  crop  of  wheat. 
But  of  the  next  following  clover,  which  I  saw  in  May  and  June, 
1852,  the  growth  was  more  luxuriant  than  any  on  the  richest  other 
land;  and  the  effect  of  the  olive  earth  alone,  was  greater  on  the 
clover  (as  compared  with  adjacent  ground  without  this  or  other 
dressing)  than  from  marl,  with  its  unquestionable  accompaniment 
of  gypsum,  or  other  manure  elsewhere  on  similar  lands  of  this 
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neiglibourhood.  Still,  I  believe  that  gypsum  is  the  principal  ma- 
nunng  principle— and  that  these  wonderful  effects  will  therefore 
be  confined  mostly  to  clover  (or  other  leguminous  plants),  during 
Its  temporary  action.  The  remains  of  bones  and  teeth  also  are 
more  numerous  in  this  olive  earth  (immediately  above  the  marl) 
than  anywhere  lower;  and  hence  this  layer,  apparently,  is  better 
supplied  with  phosphate  of  lime— a  manure  of  very  great  and 
peculiar  value  for  other  crops,  and  especially  for  wheat. 

All  those  different  beds,  or  thinner  layers  and  varieties,  of  this 
great  eocene  formation,  except  the  high  yellowish  layer  (u),  con- 
tain either  a  considerable  or  a  large  proportion  of  green-sand 

and  of  course  some  little  potash — which,  as  chemists  inform  us,  is 
a  universal  though  small  proportion  of  green-sand.  Also,  from 
the  very  general^  indications  either  of  white  and  tasteless  efflores- 
cence, or  of  manifest  sulphuret  of  iron,  or  both,  I  infer  that  gypsum 
also  is  a.  very  general,  if  not  a  universal  ingredient,  to  some  amount. 

Until  within  the  few  latter  years,  all  the  various  layers  and 
qualities  of  the  whole  eocene  formation,  were  confounded  in  com- 
mon understanding  and  parlance,  through  this  neighbourhood,  under 
the  one  name  of  "  marl."  The  green  or  gypseous  earth  was  used 
indiscriminately  with  the  calcareous  marl,  by  those  proprietors  who 
had  both  exposed  by  the  same  excavations,  without  their  looking 
for  or  observing  any  difference  of  operation.  The  existence  of  this 
strange  error,  and  its  general  continuance  (in  this  neighbourhood) 
for  eight  or  ten  years,  can  only  be  accounted  for  by  the  following 
circumstances  :  The  two  different  layers  were  generally  obtained  in 
the  same  excavations,  and  were  more  or  less  mixed  in  use — and 
never  kept  entirely  separate  for  experiment :  The  soils  (of  Pamun- 
key  low-ground)  being  mostly  or  nearly  neutral,  did  not  exhibit 
much  effect  from  marl  on  the  earlier  grain  crops,  (as  acid  and  much 
worse  soils  would  have  done — )  and  when  clover  followed,  the  gireat 
benefit  which  that  crop  always  received  from  the  large  quantity  of 
gypsum  in  the  green  earth,  even  if  with  very  little  admixture  of ' 
calcareous  matter,  would  make  nearly  as  much  show  on  that  crop ' 
as  the  marl  alone.  And  before  these  early  and  transient  benefits 
of  gypsum  would  bo  ended,  perhaps  another  slight  dressing  of 
marl  would  be  applied,  or  some  other  treatment  which  would  help- 
to  conceal  the  respective  operations  of  these  different  manuring, 
earths. 

But  more  lately,  no  farmer  of  this  neighbourhood  has  deemed 
the  green  earth  worth  applying  as  manure,  if  he  could  obtain 
marl.  Still,  some  who  have  easy  access  to  the  former  only,  have 
begun  its  use  within  the  last  few  years,  and  so  far,  they  report 
encouraging  results — which  the  gypsum,  with  very  little  shelly 
matter,  can  furnish  for  a  few  years.  And  so  inveterate  is  esta- 
blished error,  that  some  other  farmers,  even  to  this  day,  would 
41 
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prefer  a  green-sand  marl,  however  poor  in  carbonate  of  lime,  to 
any  mioeene  (or  other)  marl  thrice  as  rich  in  the  latter  and  all-im- 
portant ingredient,  but  destitute  of  the  misunderstood  and  there- 
fore highly  prized  green-sand.  This  erroneous  view  is  the  result 
(and  the  only  abiding  result  to  agriculture  known  to  me)  of  the 
statements  and  instructions  of  the  late  geological  surveyor,  and  his 
exaggerated  and  unmodified  panegyrics  on  the  asserted  value  of 
green-sand  as  manure — the  "  discovery"  of  which  in  Virginia  was 
claimed  as  his  own,  and  cried  up  as  the  greatest  possible  benefit  to 
agricultural  improvement.  Yet  still  (and  long  before  that  gentle- 
man had  either  written  about  green-sand,  or  seen  so  much  as  a  hand- 
specimen),  my  own  use  of  this  earth  alone,  far  exceeded  in  quan- 
tity all  other  applications  in  Virginia,  and  has  only  since  been  ex- 
ceeded in  amount  by  the  later  applications  of  my  son  and  successor 
<on  Cogging  Point  farm ;  and  no  user  of  it  has  yet  been  rewarded 
•for  his  labour,  from  any  possible  effects  of  the  green-sand  alone. 
A.11  the  appreciable  and  known  benefits  have  been  produced  by  the 
•gypsum,  or  the  carbonate  of  lime,  or  both,  used  generally  in  con- 
juaetion.  Where  neither  of  these  aids  was  present,  either  in 
fthe  manure  or  the  soil,  I  have  never  yet  heard  of  a  profitable  use, 
in  Virginia,  of  the  earth  having  no  manuring  ingredient  save  the 
green-sand.  Still,  I  do  not  deny  that  it  may  be  valuable — and 
■should  bemuch  gratified  and  greatly  profited  as  a  farmer,  to  be 
assured  tha,t  such  value  and  profit  as  have  been  claimed  for  this 
earth  are  indeed  available.  In  my  own  extensive  trials  of  the 
green  earth  of  James  river,  and  the  still  more  extended  and  more 
beneficial  recent  applications  on  my  former  property,  by  the  present 
■proprietor,  there  has  been  no  effect  found  that  could  be  ascribed  to 
green-sand,  or  to  its  potash — or  to  anything  but  the  gypsum,  and 
that  only  on  either  marled  or  naturally  calcareous  or  neutral  soil. 
And  in  the  much  more  extended  practice  of  my  neighbours  on  the 
Pamunkey,  who  have  largely  used  this  earth  as  marl,  but  almost 
always  more  or  less  intermixed  with  some  carbonate  of  lime,  there 
is  nothing  in  the  known  effects  which  would  go  to  contradict  the 
opinions  on  this  subject  which  I  have  here  concisely,  and  formerly 
at  greater  length,  expressed.  It  is  important  to  know  all  the  value 
of  this  earth  as  manure,  and  to  avail  ourselves  of  it  fully;  but  to 
do  that,  it  is  essential  that  the  true  source  of  the  beneficial  opera- 
tion should  be  known,  and  that  the  delusion  produced  by  the 
influence  of  scientific  but  undeserved  authority,  should  end,  as  it 
surely  will,  soon  or  late. 

The  occurrence  of  the  very  different  appearances  and  qualities 
■of  this  formation,  as  found  by  digging,  or  in  the  natural  exposures 
on  the  river  banks,  has  been  generally  deemed  altogether  irregular 
and  subject  to  no  rule  of  position.     Hence  it  was  supposed  that  the 
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finding  of  marl,  by  boring  in  places  where  tbe  existence  was  not 
before  known,  and  the  variety  or  quality  of  whatever  could  be 
so  reached,  were  matters  of  chance.  Of  course  all  searches  for 
marl,  by  boring,  were  directed  by  no  rule  except  that  of  selecting 
surfaces  of  low  level.  And  this  one  object  was  mistaken,  and  would 
often  cause  the  concealed  marl  bed  to  be  missed  by  borings  made  in 
its  close  neighbourhood.  For  if  in  land  of  alluvial  formation,  the 
ancient  flood  most  generally  had  swept  off  all  the  previously  exist- 
ing marl,  and  the  vacancy  so  made  was  afterwards  filled  by  either 
the  succeeding  drifted  earth,  in  part,  or  entirely  by  still  later  allu- 
vial deposits. 

But  if  proper  attention  is  given  to  the  general  dip  of  the  whole 
formation,  and  the  succession  of  the  different  layers,  as  exposed 
naturally,  and  nearer  the  surface,  or  to  some  extent  in  perpen- 
dicular cuts  and  excavations,  there  may  be  found  reliable  indica- 
tions of  the  position  of  each  layer  in  other  places.  With  the  aid 
of  this  guide  it  might  be  generally  known,  in  advance  of  all  search- 
ing, and  for  miles  of  surface  upon  which  the  seeker  for  marl  had 
never  trod,  whether  and  where  marl  would  probably  be  found,  and 
of  what  quality,  and  where  there  would  be  none  worth  working. 

This  very  thick  formation,  or  bed  of  many  layers  of  different 
■qualities,  as  has  been  stated,  has  a  general  dip  to  the  south-east,  or 
down  the  general  course  of  the  river.  In  the  opposite  direction, 
up  the  river,  or  as  proceeding  north-westward,  all  the  layers,  (unless 
running  out  earlier,)  in  succession,  rise  above  the  level  of  the  river; 
and  consequently,  each  of  these  layers,  in  succession,  becomes  the 
upper  one  at  some  locality,  and  is  there  the  first  and  perhaps  the 
only  one  to  be  reached  by  digging.  And  as  the  ancient  flood  had, 
by  its  denuding  action,  washed  away  all  these  raised  edges  of  layers, 
and  so  made  a  new  surface  approaching  to  horizontal,  it  follows 
that  each  layer,  after  appearing  as  the  highest  and  most  accessible 
at  some  place,  thence  thins  out  as  proceeding  westward,  until  that 
layer  disappears,  and  the  next  one  in  order,  below,  becomes  there 
the  highest  and  most  accessible  layer.  The  figure  of  the  following 
section,  though  for  much  the  greater  part  conjectural,  will  serve  for 
better  explanation,  and  may  serve  to  indicate,  either  as  to  this  or 
other  beds  and  localities,  how  to  direct  searches  for  concealed  marl, 
with  the  best  prospect  of  success,  and  to  avoid  the  loss  of  useless 
examinations.  The  supposed  surface  line  is  designed  for  the  south- 
ern side  of  the  Pamunkey,  and  the  eocene  beds  (and  overlying 
miocene  also,  in  part)  where  exposed  nearest  to  the  river.  The  in- 
clination of  the  dip,  and  also  the  perpendicular  distances,  are  both 
greatly  magnified  in  proportion  to  the  horizontal  distance,  for  the 
purpose  of  making  the  successive  layers  more  distinct,  and  of 
bringing  the  whole  extent  of  surface  within  convenient  size. 
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Explanations  of  profile,  or  perpendicular  section 

a,  a,  Level,  or  surface  of  Pamunkey  river — air-line  between  extremes  of 

section,  26  miles. 
i,  b,  Surface  of  land,  "second low  ground"  nearest  to  river. 
1,  1,  The  lowest,  and  8,  8,  the  highest  bed  of  the  whole  eocene  formation, 

of  marl  and  gypseous  earth  of  various  kinds. 

0,  0,  Layer  of  olive  earth  laying  on  the  raised  and  denuded  ends  of  lower 

beds,  forming  the  present  upper  surface  of  the  eocene  formation, 
s,  e,    Sandy  gravel  and  rounded  pebbles,  lying  beneath  the  lowest  eocene 
bed. 

1,  1,  Lowest  bed — rich  marl,  rising  above  river  and  exposed  at  South 

Wales, 

2,  2,  Green  or  gypseous  earth,  without  calcareous  matter. 

3,  3,  3,  3,  Green  or  gypseous  earth  beds,  with  very  small  and  variable 

amounts  of  shells,  either  in  thin  bands,  or  very  slight  general  admix- 
ture. All  poor  as  manure,  and  mostly  not  worth  using.  More  shelly, 
and  richer  otherwise,  where  highest  and  next  to 

4,  Lower  and  richer  part  of  the  upper  calcareous  beds  of  the  eocene, 

(designated  as  L  and  x  and  y),  in  foregoing  general  description, 
stony  layer    (z)   at  bottom. 

5,  Upper  and  softer  part  of  the  good  eocene  marl — poorer  in  calcareous 

matter,  and  containing  bi-sulphnret  of  iron,  generally. 

6,  Green  or  g/pseous  earth,  with  some  calcareous  matter — or  poor  marl. 

7,  Green  earth,  destitute  of  calcareous  matter,  anij^orthless  as  manure. 

8,  Green  earth,  with  some  calcareous  matter,  or  poor  marl. 

9,  Miocene  marl  of  Hampstead,  lying  immediately  on  the  eocene  bed. 

10,  Ordinary  miocene  marl,  lying  higher  than  the  Hampstead  bed. 

The  various  beds  of  tliis  formation,  in  regard  to  extent,  succes- 
sion, and  particular  qualities  (as  before  intimated),  are  represented 
mostly  upon  conjecture.  Even  of  the  actual  exposures  above  the 
water-line  (a,  a),  I  have  seen  but  a  small  extent ;  and,  of  course, 
as  to  what  is  below  the  depth  of  actual  excavations  and  the  river, 
all  rests  on  conjecture,  or  reasoning  from  analogy.  Neither  is  it 
designed  to  be  conveyed  that  the  different  strata  or  layers  preserve 
the  regular  proportions  of  thickness,  as  represented  in  the  figure. 
On  the  contrary,  it  is  more  usual  for  each  different  layer  to  vary 
much  in  thickness,  in  a  long  stretch  of  distance,  and  in  some  cases 
to  "  run  out,"  and  come  to  an  end.  Still,  after  making  due  allow- 
ance for  all  such  sources  of  uncertainty  and  error,  this  figure,  and 
the  judicious  deductions  which  every  reader  may  make  for  the  fea- 
tures of  his  own  locality,  may  be  of  great  use  in  searching  for  the 
richest  layers  of  marl,  and  still  more  in  avoiding  such  labour  when 
certain  to  be  disappointed.  According  to  this  conjectural  section, 
if  it  were  possible  and  useful  to  sink  a  shaft,  or  boring,  deep  enough 
on  the  most  eastern  point  exhibited,  every  separate  layer  or  bed 
would  be  reached  in  regular  succession.  It  might  be  as  low  as  300 
feet  or  more — but  at  some  depth  it  is  probable  that  the  rich  marl 
(M.)  now  only  known  (and  accessible)  at  the  north-western  extreme, 
could  be  reached  under  the  south-eastern,  or  more  than  twenty  miles 
41* 
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distant.  But  omitting  such  merely  speculative  matters,  there  are 
practicable  and  profitable  operations  to  be  based  on  the  knowledge 
of  the  succession  and  dip  of  the  strata.  Thus,  when  the  existence 
of  rich  marl  is  known  in  any  point,  and  its  depth,  it  is  almost  cer- 
tain that  it  will  thin  out  towards  the  north-west,  and  either  thicken, 
or  maintain-  its  then  thickness,  as  proceeding  south-eastward.  On 
land  north-westward  of  the  disappearance  (at  top)  of  a  rich  bed, 
(as  4),  and  however  near,  it  would  be  in  vain  to  search  for  the  like. 
The  boring  for  any  practicable  depth  on  most  of  the  river  land  of 
Marlbourne  (for  example)  could  reach  only  the  poor  beds  exposed 
at  the  surface  for  some  ten  miles,  including  the  beds  marked  3  and 
2,  perhaps,  also.  But  on  land  south-eastward,  and  near  to  the 
surface  exposure  of  any  rich  marl,  it  might  be  expected  to  reach 
the  like  at  some  greater  depth.  The  lowest  eocene  marl  which  I 
reached  by  sinking  the  pit  for  examination  25  feet  below  tide  on 
Evergreen  (described  p.  462),  and  which  must  have  been  near  to 
the  bottom  of  the  lowest  bed,  exhibited  the  same  peculiar  appear- 
ance, and  some  of  the  peculiar  fossils,  which  are  also  to  be  seen  in 
(M)  the  lowest  of  the  Pamunkey  layers,  and  at  an  exposure  thirty 
miles  distant.  In  no  other  localities  had  I  seen  either  the  same 
appearance  of  marl,  or  the  same  rare  shells,  as  some  of  both  common 
to  these  places  only.  In  the  much  deeper  pit  sunk  for  examina- 
tion on  Coggins  Point  (p.  465),  though  the  rising  of  water  at  49 
feet  prevented  deeper  digging,  the  fossils  then  reached  indicated 
the  near  approach  to  the  same  lowest  marl  found  at  less  depth  at 
Evergreen,  and  exposed  much  above  the  river  at  North  and  South 
Wales.  Hence,  it  may  be  inferred  that  this  lowest  and  very  pe- 
culiar bed  of  this  great  formation,  as  well  as  the  formation  generally, 
is  continuous  under  all  this  broad  surface  of  territory. 

Many  specimens  of  the  marl  and  gypseous  earth  of  the  Pamun- 
key beds,  were  made  partially  red  hot,  for  the  purpose  of  showing 
whether  sulphureous  fumes  were  so  disengaged,  as  was  stated  on  a 
foregoing  page  (460)  to  be  the  case  with  most  Specimens  tried  of 
the  James  river  gypseous  earth.  This  result  was  obtained  in  all 
of  sundry  trials  of  the  gypseous  earth  (3)  below  the  marl  (4) — in 
the  marl  at  South  Wales  (M),  and  in  some  cases,  but  not  generally, 
of  the  richer  marl  4.  In  the  still  higher  and  poorer  marl  (5), 
which  I  lately  have  excavated  extensively  in  the  Clifton  bank,  the 
sulphureous  fumes  were  obtained  in  every  trial.  A  specimen  of 
marl  from  Pipingtree,  and  many  specimens  of  the  gypseous  earth 
(upper  part  of  3)  from  Newcastle  ferry,  Newcastle  farm,  and  from 
Marlbourne,  all  gave  out  these  fumes.  Sundry  other  specimens  of 
calcareous  green-sand  marl  which  were  thus  treated,  yielded  no 
fumes.  The  latter  results  were  found  in  specimens  from  the  several 
diggings  at  Newcastle  (both  sides  of  the  river),  and  at  Mr.  G.  W. 
Bassett's  bank,  Farmington.     It  may  not  be  useless  to  repeat  here, 
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and  thus  to  place  in  connexion  witli  these  results,  that  all  the  dark 
green  or  blackish  earth  (i?)  of  Coggins  Point  gave  out  these  suf- 
focating fumes,  and  also  the  gray  clay  (U)  below,  and  most  power- 
fully— and  that  no  such  product  was  found  from  any  of  the  very 
shelly  bands.  Thus  it  would  seem  that  most  generally  the  non- 
calcareous  earths  (or  nearly  non-calcareous)  gave  out  fumes,  and 
the  calcareous  not.  But  exceptions  were  found  to  both.  And  of 
the  New  Jersey  green-sands,  containing  no  carbonate  of  lime,  six 
specimens  were  tried  at  red  heat,  of  the  beds  most  esteemed  for 
manure,  and  not  the  slightest  disengagement  of  such  fumes  was 
produced.* 

This  extrication  of  sulphureous  fumes  by  the  first  beginning  of  red 
heat,  is  a  sure  indication  of  the  presence  of  sulphuret  (or  bi-sul- 
phuret)  of  iron.  And  wherever  this  exists  in  contact  with  marl,  and 
with  the  access  of  air  and  water,  first  the  sulphate  of  iron  will  be 
formed,  and  next  this  salt  will  decompose  as  much  carbonate  of  lime 
as  its  quantity  will  act  upon,  and  so  form  gypsum.  Therefore, 
whenever  the  sulphuret  of  iron  is  present  in  marl,  or  is  put  in  con- 
tact with  it,  in  soil,  it  is  certain  that,  in  the  same  proportion,  carbo- 
nate of  lime  will  be  decomposed,  and  sulphate  of  lime  formed.  Of 
course  no  addition  of  other  gypsum  is  needed,  or  could  act  if 
applied,  on  land  recently  supplied,  in  marl,  with  enough  sulphuret 
of  iron,  even  if  the  partial  previous  decomposition  of  the  latter 
had  not  already  formed  gypsum  in  the  bed  of  marl,  as  is  usually 
the  case. 

Of  Green-sand  as  an  ingredient  of  Miocene  Marls. 

In  a  previous  page  (439),  the  presence  of  green-sand  in  miocene 
marls,  as  an  important  and  general  ingredient,  was  denied;  and  the 
subiect  then  passed  by,  with  the  promise  of  its  being  subsequently 
resumed.  Having  treated  of  the  gypseous  earth  and  of  eocene 
green-sand  marls,  of  both  of  which  green-sand  forms  large  and  im- 
nortant  proportions,  it  is  now  most  appropriate  to  inquire  into  the 
alleged  extent  and  operation  of  this  substance  m  miooene  mai-ls. 

In  1834,  Professor  William  B.  Kogers  (then  and  long  before  a 
resident  of  lower  Virginia)  announced  that  he  had  discovered  green- 
sand  to  be  a  considerable  ingredient  of  nearly  all  the  many  ordinary 
miocene  marls  which  he  had  examined  either  m  place  or  by  speci- 
mens ;  and  from  which  observations  he  inferred  the  same  admix- 

*  The  New  Jersey  "marls"  thus  tried  were  selected  by  the  writer  from 
the  Ss  of  Josiah  Heritage  and  Thomas  Bee  of  Gloucester,  and  Henry 
Allen  Allen  Wa  lace,  J.  Riley,  and  J.  Canley,  Salem  county.  The  same 
resuUs  were  found  ^s  to  the  poorer  (or  less  valued)  overlymg  strata  of 
Herita  J  R  Dickenson,  J.  Cauley,  and  also  of  the  barren  green  clay  or  sub- 
foil  See  all  described  in  my  report  on  the  New  Jersey  green-sand  earths, 
Farmers'  Register,  vol.  i-  p-  429.  . 
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ture  to  be  general  as  to  other  miocene  marls ;  and  that  the  propor- 
tions of  green-sand  so  contained  were  large  enough  to  form  useful 
additions  to,  and  in  some  oases  the  most  valuable  portion  of  the 
manuring  ingredients  of  such  marls  (Farmers'  Register,  vol.  ii.,  p. 
129).  At  a  later  time,  he  added  to  like  general  opinions  and  state- 
ments the  following :  "  In  some  of  these  deposits  [marl  beds  in  the 
vicinity  of  Williamsburg],  so  large  a  proportion  as  30  and  in 
some  specimens  40  per  cent,  [of  pure  green-sand]  has  been  found ; 
and  in  cases  like  this,  if  we  are  to  trust  to  the  experience  of  Now 
Jersey,  a  very  marked  addition  to  the  fertilizing  power  of  marl 
must  be  ascribed  to  the  presence  of  this  ingredient."  (Farmers' 
Eegister,  vol.  ii.,  p.  747.)  In  a  subsequent  communication  to  the 
Philosophical  Society  of  Philadelphia  in  1835,  and  again  in  the  first 
report  of  the  geological  survey  of  Virginia,  the  material  parts  of  the 
above  statements  are  re-asserted,  in  substance,  and  nearly  in  the 
same  words.  These  statements  and  opinions  were  received,  when 
announced,  as  undoubted,  and  they  have  not  since  been  questioned 
in  any  publication ;  nor  have  they  since  been  either  confirmed  by 
any  additional  proof  or  testimony,  nor  have  they,  in  direct  terms, 
been  modified  or  retracted  by  their  author.  Yet  the  correctness  or 
incorrectness  of  the  assertion  of  such  abundance  and  general  difi'u- 
sion  of  green-sand  in  the  miocene  marls  of  Virginia  is  a  matter  of 
great  interest;  and,  in  its  bearing  on  the  application  of  marl  and 
the  rationale  of  its  operation,  of  great  importance  to  agricultural 
improvement.  It  is  certain  that  to  thjs  day  [1842],  many  proprie- 
tors consider  that  their  marls  are  peculiarly  valuable  because  of  the 
supposed  large  proportions  of  green-sand  therein ;  such  opinions 
being  founded  either  on  the  publications,  or,  with  still  more  confi- 
dence, upon  the  personal  examinations  and  verbally  expressed 
opinions  of  the  former  state  geologist. 

My  own  personal  examinations  of  marls  in  place,  and  analyses  of 
specimens  of  other  beds,  have  been  very  extensive ;  and  my  atten- 
tion has  been  given  especially  in  regard  to  this  point  to  sundry 
specimens,  including  several  of  the  particular  bodies  of  marl  which 
it  is  understood  that  Professor  Eogers  had  pronounced  to  be  very 
rich  in  green-sand — containing,  say,  20  to  30  per  cent,  of  the  black 
granules  so  called.  I  have  found  some  green-sand  (but  generally 
in  very  small  proportion)  in  nearly  all  the  specimens  examined 
particularly  for  this  substance ;  and  believe  that  Professor  Rogers 
was  correct  so  far  as  inferring  that  it  is  a  very  frequent  ingredient. 
And  for  the  first  observation  of  this  curious  and  interesting  fact  he 
is  justly  entitled  to  the  entire  credit.  To  such  extent  as  green-sand 
is  present,  and  according  to  the  manner  of  the  operation  of  that 
earth  (whatever  that  may  be),  the  green-sand  in  the  miocene  marls 
must  be  eff'ective  and  useful.  But  whether  such  effect  be  of  any 
distinguishable  and  appreciable  value,  or  not,  depends  on  the  quan- 
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tity  and  proportion  of  green-sand  in  the  marl;  and,  so  far  as  all  my 
experience  and  observation  enable  me  to  judge,  I  cannot  but  believe 
that  the  above  stated  estimates  of  quantities  and  proportions  of 
green-sand  are  greatly  exaggerated,  and  extremely  incorrect  and 
delusive.    I  do  not  mean  to  assert,  and  cannot  be  expected  to  prove, 
the  negative  of  the  assertion  of  such  abundance  of  green-sand.    But, 
from  all  my  means  for  arriving  at  conclusions,  it  is  my  confident 
belief  that  but  few  of  the  bodies  of  miocene  marls  in  Virginia  con- 
tain as  much  as  2  per  cent,  of  green-sand — if  even  as  much  as  1  per 
cent,  j  and  that  an  average  proportion,  throughout  any  considerable 
digging  for  manure,  of  as  much  as  5  per  cent,  of  green-sand  is 
extremely  rare.      With  but   a   single  peculiar    exception,  which 
will  be  described  presently,  the  largest  proportion  (estimated  by  the 
eye)  that  I  ever  found  was  supposed  to  be  5  per  cent.;  and  that 
was  in  a  very  peculiar  marl,  found  at  Coggins  Point  farm  and  else- 
where in  that  neighbourhood,  or  rather  a  loose  calcareous  sand, 
which  forms  the  overlying  layer  of  a  compact  blue  marl.   This  sand 
contains  only  about  20  per  cent,  of  finely  divided  shelly  matter,  and 
the  whole  mass  would  appear,  to  slight  observation,  similar  to,  and 
as  poor  and  as  loose,  as  the  deep  sands  of  the  roads  through  a  sandy 
country.     But  few  persons  would  have  used  this  sand  for  manure, 
or  would  have  dignified  it  by  the  name  of  marl.     However,  the 
ease  with  which  it  could  be  worked,  and  the  necessity  for  removing 
it  to  uncover  the  better  marl  below,  induced  me  to  carry  out  and 
apply  it  as  a  second  dressing  to  an  adjacent  part  of  a  field  which 
had  been  just  before  marled  from  the  richer  blue  layer.    The  efiects 
were  so  marked,  and  so  superior  to  the  single  marling,  that  I  was 
ready  to  believe  that  the  green-sand  caused  the  difference.     The 
loose  calcareous  sand  mentioned  at  page  443,  which  one  of  my 
neighbours  supposed  (from  its  good  effects)  to  be  rich  in  calcareous 
earth,  is  precisely  like  mine  in  general  appearance,  and  in  position 
in  the  bed ;  and  appears  to  have  a  like  unusually  large  proportion 
of  green-sand,  which  no  doubt  served  to  produce  some  small  part 
of  the  benefit  which  was  ascribed  wholly  to  the  carbonate  of  lime. 
This  peculiar  deposit  furnishes  the  only  cases  known  to  me  of  any 
ordinary  miocene  marl  (if  this  loose  sand  can  be  so  termed)  being 
rich  enough  in  green-sand  for  the  benefit  from  the  latter  to  be 
known.     And  even  this  benefit  would  not  have  been  distinguished 
or  suspected,  but  that  the  poverty  of  the  earth  in  calcareous  matter 
required  it  to  be  applied  very  heavily.     The  much  thicker  body  of 
compact  marl,  lying  under  this  poor  calcareous  sand,  contains  (by 
supposition)  not  so  much  as  2  per  cent,  of  green-sand. 

But  it  is  true,  that  when  attention  was  not  particularly  directed 
to  green-sand,  proportions  not  exceeding  5  or  6  per  cent,  might 
have  escaped  the  notice  of  one  who  had  handled  and  examined 
the  specimens  of  marl,  or  who  even  analyzed  them,  merely  with  a 
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view  to  their  proportions  of  calcareous  matter.  Bat  proportions 
so  large  as  40,  30,  or  even  20  per  cent,  of  green-sand  could  not 
thus  escape  even  careless  and  superficial  observation ;  for  even  the 
smallest  of  these  proportions  would  give  a  very  manifest  greenish 
or  gray  tint  to  any  otherwise  light- coloured  marl.  Knowing  the 
great  uncertainty  of  the  guessings  at  proportions  of  green-sand 
naturally  intermixed  with  marl  or  other  earth,  I  did  not  rely  on 
them  except  as  to  the  absence  of  any  very  large  proportion.  For 
more  accurate  testing,  the  clayey  parts  were  washed  off  in  water ; 
in  others  the  calcareous  parts  were  also  removed  by  weak  acid. 
And  for  still  better  means  of  judging  by  comparison,  I  mixed  toge- 
ther, in  different  and  known  proportions,  measured  quantities  of 
light-coloured  marl  (such  as  are  all  those  about  Williamsburg),  and 
pure  green-sand  prepared  by  washing  some  obtained  from  the 
richest  beds  in  New  Jersey.  And  of  such  artificial  compounds, 
examined  by  the  eye  both  when  dry  and  in  powder,  and  wet,  and  also 
after  being  again  dried  in  mass,  the  admixture  of  green-sand,  even 
when  as  small  as  10  per  cent.,  was  obviously  more  abundant  than 
in  the  miocene  marls  reputed  to  be  among  the  richest  in  green-sand. 
Under  these  circumstances,  without  denying  the  possible  existence 
of  such  cases,  it  is  proper  to  wait  for  and  to  require  further  proofs 
of  assertions  of  such  large  proportions  as  20  to  40  per  cent. 

But  there  is  much  better  support  for  my  position,  of  the  general 
scarcity  of  green-sand  in  miocene  marls,  than  any  proofs,  positive 
or  negative,  that  I  can  adduce,  presented  by  Prof.  Eogers  himself, 
in  his  "  Report  of  the  Progress  of  the  Geological  Survey"  for  1837. 
He  therein  gives  a  tabular  statement  of  148  specimens  selected  by 
his  assistants,  and  their  analyses  made  under  his  own  direction.  It 
is  to  be  presumed  that  so  many  specimens,  and  thus  obtained,  must 
present  a  fair  and  correct  average  of  general  quality  of  the  marls 
of  the  region  in  which  they  were  found ;  or  at  least  that  their  con- 
tents would  not  be  too  little  favourable  to  the  geologist's  preconceiv- 
ed opinions,  or  assertions.  The  specimens  were  from  eighteen  coun- 
ties, viz.  :  Lancaster,  Westmoreland,  Eichmond,  Northumberland, 
King  George,  Blathews,  Middlesex,  Gloucester,  King  and  Queen, 
King  William,  Essex,  Isle  of  Wight,  Nansemond,  Elizabeth  City, 
Surry,  Prince  George,  James  City,  and  Warwick.  Of  these  148 
specimens,  of  one  only  (S.  Downing' s,  Lancaster)  is  the  quantity 
or  proportion  of  green-sand  stated  with  any  approach  to  precision. 
This  is  said  (no  doubt  by  guess)  to  contain  "  10  or  12  per  cent,  of 
green-sand,"  and  only  17  per  cent,  of  carbonate  of  lime.  Of  five 
others,  the  green-sand  would  seem  to  be  in  notable  quantities,  but 
as  no  numbers  or  proportions  are  named,  it  may  be  inferred  that 
the  proportions  were  deemed  less  than  the  one  just  stated.  These 
five  are  described  as  follows,  in  regard  to  this  ingredient :  Calla- 
han's, Lancaster,  "large  grains  of  green-sand  in  considerable  quan- 


TESTIMONY  IN   OPPOSITION.  491 

tity;"  Gloucester  Town,  "  ricUy  specked  with  green-sand ;"  Saun- 
ders', Isle  of  Wiglit  (one  only  of  three  strata),  "considerable 
green-sand."  Stith's,  Surry,  "quite  richly  specked  with  green- 
sand."  A._  C.  Jones's,  Surry,  and  at  Kingsmill,  James  City,  "in- 
termixed with  green-sand."  Now  what  proportions  these  descrip- 
tions designate,  it  is  not  for  me  to  determine;  but  3  or  4  per  cent., 
at  most,  would  abundantly  serve  to  meet  all  their  requisitions. 
There  are  also  7  other  of  the  specimens  named  marked  in  less  de- 
grees by  the  presence  of  this  ingredient,  and  which  are  described  in 
this  respect  in  such  phrases  as  these :  containing  "  a  little  green- 
sand" — "specked  with  green-sand" — "quite  perceptibly  specked 
with  green-sand" — "  tinged  with  green-sand" — and  "  slightly  inter- 
mixed with  green-sand."  There  remain  of  the  list  135  other  speci- 
mens, of  which  48  are  stated  to  contain  of  "  green-sand  a  tracd' 
(by  which  term  chemists  understand  a  proportion  so  small  that  its 
presence  is  barely  certain),  and  of  the  other  87  specimens  no  green- 
sand  is  mentioned,  and  therefore  it  nlay  be  inferred  that  not  even 
"  a  trace"  could  be  found. 

If  this  list  of  marls  and  statements  of  their  fertilizing  contents 
had  been  presented  by  the  author  distinctly  as  a  designed  refutation 
of  his  previously  and  repeatedly  published  assertions  of  the  frequent 
abundance  and  general  presence  in  useful  quantity  of  green-sand  in 
miocene  marls,  nothing  could  have  been  more  to  the  purpose,  or 
more  conclusive. 

Nevertheless,  few  and  rare  as  may  be  the  cases  in  which  the  value 
and  beneficial  effects  of  miocene  marls  are  increased  in  any  consi- 
derable degree  by  the  presence  of  green-sand,  or  of  any  other  in- 
gredient than  carbonate-  of  lime,  it  is  important  that  such  auxiliary 
fertilizing  matters  should  be  searched  for,  and  their  absence  or  pre- 
sence known.  The  great  value  and  uniform  fertilizing  effects  of 
carbonate  of  lima  will  be  the  most  highly  appreciated  by  those 
farmers  who  understand  and  estimate  them  separately  and  alone ; 
without  confounding  the  operation  of  that  manuring  earth  with 
those  of  any  other  intermixed  and  unknown  substances,  no  matter 
what  increase  of  benefit  such  intermixture  may  produce  in  particu- 
lar cases. 


Some  years  after  the  publication  of  the  first  edition  of  this  Ke- 
port  (as  originally  made  to  the  State  Board  of  Agriculture  of  Vir- 
ginia, and  published,  with  other  reports,  by  order  of  the  legisla- 
ture), I  learned  that  a  particular  bed  of  marl,  worked  at  Hampstead 
in  New  Kent,  and  more  lately  found  and  now  worked  both  at  Oak 
Spring  and  Liberty  Hall,  in  King  William  county,  furnished  an 
exception  to  the  general  rule  above  asserted,  of  the  absence  of  any 
large  proportion  of  green-sand  in  miocene  marl.     This  particular 
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bed  has  been  found  (by  boring)  on  both  sides  of  the  Pamunkey 
river,  near  to  and  in  the  same  general  range  with  the  eocene  bed, 
and  within  a  mile  of  two  different  excavations  of  eocene  marl,  or 
gypseous  earth,  in  different  directions.  Further,  this  Hampstead 
marl  contains  apparently  as  much  green-sand  as  the  neighbouring 
eocene  bed ;  and  there  is  no  obvious  difference  in  the  texture,  co- 
lour, or  general  appearance  of  the  two  kinds.  When  I  first  visited 
this  locality  (May,  1842),  the  digging  had  been  suspended,  and  the 
pits  were  full  of  water ;  so  that  no  marl  or  shells  could  be  seen  in 
the  bed.  My  examinations  therefore  were  limited  to  heaps  of  the 
marl  which  remained  unspread  upon  the  field.  I  was  surprised  to 
find  all  of  the  few  shells  which  met  my  eye  in  this  imperfect  view, 
of  species  such  as  were  unknown  to  me,  and  which  I  had  not  seen 
in  any  other  marl.  But  this  did  not  induce  me  to  suspect  that 
the  formation  was  not  eocene,  as  I  was  not  then  acquainted  with 
many  eocene  shells.  Subsequently,  however,  by  more  full  exami- 
nation, and  aided  by  the  scientific  knowledge  of  my  friend  M. 
Tuomey,  Esq.,  -whom  I  induced  to  visit  with  me  this  singular  de- 
posit, I  learned  that  the  shells,  so  far  as  recognised,  were  miocene ; 
though  mostly  not  known  in  any  other  of  the  miocene  beds  in  Vir- 
ginia— of  which,  sundry  exposures,  with  numerous  different  shells, 
are  within  a  few  miles  of  the  Hampstead  bed.  There  are  three 
shells  only,  of  some  22  species,  which  I  found  here,  known  to  me 
also  in  the  other  miocene  marls  of  Virginia.* 

This  bed  is  underlaid  by  the  ordinary  eocene  of  the  neighbour- 
hood. Suspecting  this  to  be  the  fact  in  advance  of  .any  proof,  I 
procured  an  excavation  to  be  sunk  much  lower  than  any  had  been 
done  before ;  and,  without  any  obvious  change  of  general  appearance 
and  texture,  the  eocene  marl  was  reached — as  was  made  evident 
by  the  finding  of  perfect  shells  of  the  ostrea  selloeformis. 

From  all  the  circumstances  it  would  seem  that  the  earthy  mate- 
rials of  this  miocene  formation  had  been  mainly  derived  from  the 
earlier  formed  and  close  adjacent  eocene  bed  below,  and  which 
spreads  out  to  the  westward ;  and  that  while  some  flood  had  torn 
up,  swept  along,  and  suspended  for  a  time,  and  then  deposited,  this 
fine  green  earth  for  the  matrix,  that  the  peculiar  conditions  permit' 
ted  the  existence,  with  a  few  exceptions  only,  of  shell-fish  not  belong- 
ing to  the  ordinary  miocene.  The  supposed  position  of  this  peculiar 
miocene  is  represented  (at  9)  in  the  annexed  profile  of  all  the 
strata. 

This  peculiar  deposit,  and  this  alone  so  far  as  known  to  me,  would 
accord  with  the  cases  asserted  by  Professor  Rogers,  of  the  frequent 
and  general  occurrence  of  green-sand  in  large  proportions,  in  ordi- 
nary miocene  marls.     But  even  this  case  afforded  no  support  to  his 

*  There  three  are  cardita  granulata,  an  astarte,  and  one  other. 
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assertion,  -when  it  was  published.  This  bed  is  of  peculiar  character, 
in  this  respect.  No  other  similar  marl  is  yet  known.  It  was  every- 
where concealed  by  its  depth,  and  was  found  only  by  boring.  The 
discovery  of  the  marl  itself  did  not  occur  until  long  after  Professor 
Rogers  had  published  these  assertions ;  and  it  was  much  later  still, 
before  it  was  even  suspected  that  it  belonged  to  the  miocene  forma- 
tion. Therefore,  however  conveniently  the  peculiar  character  of 
this  marl  might  have  been  used,  if  known  earlier,  as  at  least  one 
evidence  for  Professor  Rogers's  assertions — as  the  facts  are,  it  affords 
to  them,  as  made,  not  the  slightest  support. 


THE  END. 


STEKEOTVPED  BY  E.  B.  MEAES,  PHILADEIPHIA. 
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